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LIST OF SYMBOLS 
cross-sectional area of column 
particle diameter 
where ^2 standard 
screen sizes which consecutively pass and retain the 
particles 
diameter of a sphere equivalent in volume to the 
particle 
diameter of a sphere equivalent in surface area to 
the particle 
column diameter 
spheres and particles have the same screen size 
experimentally determined turbulence factor for flow 
through compacted beds 
experimentally determined turbulence factor for flow 
through expanded beds 
experimentally determined turbulence factor for flow 
past a single sphere 
acceleration of gravity 
surface area/unit volume of spheres 
surface area/unit voliame of particles v^ere both 
gD3(($ - p)p 
16 
. . Red + Pg) 
^ 6 
K = Kozeny's constant for compacted beds, approximately ^.0 
Kg = Kozeny's constant for eaipanded beds, approximately 2.^^ 
T - W 
N = number of particles 
Ng = number of spheres In unit volume passed and retained by 
successive pairs of standard screens 
Np = number of particles in unit volume passed and retained 
by successive pairs of standard screens 
Ap = pressure drop across bed 
Re = Reynolds* number = • 
S = surface area/unit volume of particles 
u = fluidizatlon velocity based on empty column cross 
section 
= sedimentation velocity 
u' = relative velocity between fluid and particles 
u^ = terminal velocity of single particle in infinite fluid 
V = Stokes» velocity 
W = weight of particles 
Greek Symbols 
S = vol\2me fraction of voids in bed of particles 
^ = e3/(l - 8 ) 
= eVd - 8 ) 
vl 
fluid viscosity 
P = fluid density 
^ = particle density 
f  -  Zil l t  Trll  or a' 
particle have the same volume. 
vll 
ABSTRACT 
This study was undertaken with the ultimate object of 
verifying the theory derived by Dr. B. P. Ruth of these 
laboratories for describing the operation of a spray-type 
liquid-liquid extraction column. Due to the inherent diffi­
culty in maintaining proper control of variables in liquid-
liquid systems the experimental wrk was done with liquid-
solid systems. Closely sized glass spheres were fluidized in 
glass tubes with various liquids, observing the equilibrium 
heights to which beds of spheres ranging in size from 0,0035 
in. to 0.20 in. in diameter expanded at various fluid 
velocities. 
The theory of Dr. Ruth may be expressed by the equation 
Titoere the three dimensionless ratios or "numbers" written 
explicitly ares 
k^d + Z) = Ku (1) 
^ = pupd g«) 
(1 - ^ 
( 2 )  
(3) 
2= 2Ke(l FK3) 
cj)» vj;^^^(i+Pg) 
(i|.) 
vlll 
where D s= the diameter of a sphere, or the spherical 
diameter of an irregular particle 
v|^= the sphericity of a particle, i.e., the ratio of 
the surface area of a sphere to that of an 
irregular particle having the same volume 
^ = density of a solid particle or sphere 
>/= viscosity of a fluid 
P = density of a fluid 
u = velocity based on empty column 
u* = u/g. or u/(l « y) — the slip velocity, i.e.* 
velocity of a particle relative to the fluid 
^ = concentration of particle aggregate, i.e., ratio 
of solid volume to aggregate volume 
£ s= porosity of aggregate, i.e., ratio of fluid 
volume to aggregate volume 
<)>*= (1 - H or _ g) 
g ~ acceleration of gravity 
Pg = a factor representing the ratio of turbulent to 
viscous forces, the latter being quantitatively 
described by Stokes* law 
Kq = the Kozeny constant for an expanded bed. 
Equation (1) was derived by equating the sum of the 
Stokes force and Kozeny force, corrected for turbulence by the 
factors Pg ^Ke» buoyant wel^t of the bed* 
Therefore it is applicable to the entire range of porosities. 
Ix 
from those of a compacted bed to a porosity of one. At the 
lower porosity extreme Eq« (1) transforms into Kozeny form 
while for a porosity of vuilty it takes on Stokes* form. 
The present work indicates that in columns of sufficiently 
large diameter, the factor K^(l + %e) has a constant value of 
about 2.^0 to 2.55 throu^out the viscous region up to a 
modified Reynolds* number of Dup/^^ of about 3»0. Beyond 
this point the plot of K^(l + P;^^) increases with 
with a logarithmic slope of about 0.27 for beads up to one 
mm. in diameter. For spheres fluidizing above a DU|0 ^ 
of 3*0 a family of lines is obtained* the lines being almost 
parallel to the line just mentioned for smaller spheres 
above a Dup//<^ of 3.0. Prom the buoyant wei^t of the 
bed it is possible to predict the position of the line for 
any bed* 
The difference between for a compact bed of spheres 
(5*0) and the value of an exp&nded aggregate (2.5) 
raises an interesting question as to whether the orientation 
of particles in a fluldized aggregate can be considered to be 
perfectly random. Since the data of J, J. Martin (18) for 
flow in the most "open" direction through orthorhombicly 
packed spheres shows a K^. of 2.55» it seems hi^ly probable 
that the particle arrangement in an expanded bed is also of 
the orthorhombic type with the fraction of cross-sectional 
X 
area available for flow being considerably greater than the 
average porosity. 
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I. INTRODUCTION 
In 19i|.9, Grand Jean (9) and subsequently Peterson (23) 
studied the behavior of a spray-type llquld-liquid extraction 
column In which droplets of methyl Isobutyl ketone were 
allowed to rise In contact with a downward flowing stream of 
water* In Grandjean*s work and In the early work of 
Peterson no effort was made to control the droplet size. In 
order to secure hl^ throu^puts of the dispersed ketone 
large pressure drops were sometimes employed to force the 
fluid throu^ the spray nozzle. This had the effect of 
diminishing droplet size considerably. 
Grandjean and Peterson both confined their attention to 
the phenomenon of "flooding", a phase of operation In which 
the droplets rising to the top of the column do not coalesce 
as rapidly as they arrive, thus causing the appearance of a 
crowded droplet phase at the top of the column. Continued 
operation at "flooding" conditions results In the crowded 
mass of droplets Increasing In depth and ultimately being 
carried out of the bottom of the column with the continuous 
phase. 
Dr. B. P. jRuth, although not at that time associated 
with the A. £. C., followed the work of Grandjean and 
Peterson rather closely, and suggested several methods of 
2 
correlating their holdup data* However, because of the 
uncertainty introduced by variable drop size and other 
doubtful factors9 the resulting correlations were not 
considered important enough to merit publication in an 
archive journal, and for this reason appeared only as an 
Iowa State College report by Peterson (2l|.) in the summer of 
19^ 0. 
The problems encountered by Grandjean and Peterson 
continued, however, to intrigue Dr. Ruth. It occurred to 
him that the fundamental problem presented by the spray 
column extractor was not simply the prediction of conditions 
under which the column would "flood", but rather the much 
more fundamental one of first establishing the laws govei»ning 
the motion of crowds of particles, spheres or liquid drop­
lets through a continuous fluid phase. 
Dr. Ruth reasoned that when the spheres are so crowded 
together that they are practically in contact, the law 
governing relative motion of spheres and liquid should 
closely resemble that for flow through a compact bed of 
spheres. On the other hand, when the concentration of 
spheres falls to such a low value that they are widely 
separated their velocity cannot exceed the free fall 
velocity of a single sphere. 
Vttien spheres are small enough that flow through compact 
beds is viscous, the relation between pressure drop and rate 
3 
of flow is given by a modified form of Poiseuille^s law 
known as the Kozeny equation (13)» For larger spheres and 
larger rates of flow, the correlation between flow rate and 
pressure drop can be expressed in the form of a friction 
factor chart resembling that for flow through roiind pipes. 
Similarly, the velocity of fall of a single sphere 
througji a fluid is given by Stokes' law >dien the motion is 
viscovts, and by a graphical correlation when the spheres 
are large and the motion is eddying. 
If the buoyant weight of a bed of small spheres is 
substituted for the pressure drop in the Kozeny equation, an 
expression for velocity results which should describe the 
sedimentation of aggregates of spheres* In the course of an 
extensive series of investigations carried out between 1930 
and 193^» Dr« Ruth had ascertained the applicability of such 
an expression to sedimentation processes for aggregate 
porosities up to perhaps 75 or 80 per cent. However, beyond 
this porosity (for solid concentrations of less than about 
2^ per cent) it began to fail badly* For this reason no 
attempt was made to publish the findings. A few years later 
Powers (26) suggested the same equation for describing the 
sedimentation velocities of cement particles, and in 19ij4 
Steinouv (30) improved upon Powers* equation, with, however, 
the same results observed by Dr. Ruth in 1935. 
il. 
Early in the fall of 19^0 it occurred to Dr. Ruth that 
the failure of his 193$ treatment of sedimentation might 
have been due to neglect of the forces resisting the movement 
of single spheres through a fluid. Upon testing this happy 
idea, an equation form resulted which (for small spheres) 
reduces to Stokes* law when the concentration approaches 
zero, and to the Kozeny equation when concentration becomes 
that of a fixed bed. This equation was utilized by Crowley 
in studying the sedimentation of small particles with 
considerable success, as mentioned in an Iowa State College 
report by Millard (20). 
The initial discovery of a method of fusing the equations 
of Kozeny and Stokes to secure a general expression corre­
lating the movement of expanded beds of spheres through 
fluids was rapidly extended by Dr. Ruth to cover the region 
of turbulent flow and eddying motion. In the summer of 19^1 
his application of the equation to sedimentation, fluidiza-
tion and spray column extraction was presented in a series of 
some thirty lectures under the course number Cham. E. 599, 
Special Topics (27). 
The present thesis was undertaken in June of 19^1 with 
the idea of securing the data necessary to establish the 
validity of the new theory as it applies to sedimentation and 
fluidization of solid spheres in both the viscous and 
turbulent regimes. Work is being continued by Mr. Alden 
5 
Presler to extend it to particles of Irregular shape and 
fluid droplets. 
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II. THEORY OP FLUIDIZATION AND SEDIMENTATION 
A« Review of the Literature 
For the purposes of this review of the previous 
literature it will be ass\imed that the operations of fluidi-
ssation and sedimentation are fundamentally the same, and that 
correlations and theory concerning one may be ^plied to the 
other. This assumption appears to be substantiated by data 
in the literature and that obtained by the author. Published 
work in the field is abundant and it will not be atten^jted 
here to evaluate more than a small portion of it* 
For the most part the correlation approaches can be 
classified in two groups# the single sphere approach and the 
compacted bed approach. The first group contains those 
correlations obtained by starting with Stokes* law as a 
basis. In the second group Kozony's equation is the usual 
starting point. Some approaches do not fit closely into 
either classification, however. Most of the correlations 
are of the empirical variety, with but a few rigorous treat­
ments employing classical hydrodynamics. The rigorous 
treatments are, moreover, of limited interest, since they 
deal Td.th flow in the streamline region only. 
A typical example of the Stokes* law approach is the 
work of Kermack, MoKendrick and Ponder (12). For this reason 
it will be discussed in some detail. The object of their 
study was hi^-porosity sedimentation in the viscous regime. 
Two factors were considered in their treatment: (1) the 
motion of the spheres, and (2) the presence of the spheres. 
In treating the fall of any single sphere during sedimentation 
they considered the effect of these two factors in modifying 
Stokes* law, which may be written for spheres as 
- P ) b  
V = 18^ (1) 
where V = velocity of fall 
D = sphere diameter 
(f = sphere density 
liquid density 
>/= viscosity 
g = acceleration of gravity. 
In the case of a cloud of particles falling in an 
infinite liquid each particle causes an additional downward 
force on all the other particles. If the cloud of particles 
is contained in a vessel, however, the net liquid flow and 
exerted force must be upward. This is true since a downward 
flow of solids causes an upward flow of liquid by displace­
ment. A mathematical analysis of this upward velocity for a 
dilute suspension and a random arrangement of spheres shows 
its value to be (11/2)(1 -• 6 )u, where Sis the porosity 
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(volme per cent liquid) of the sedimenting bed and u the 
velocity of sedimentation. This liquid velocity added to the 
velocity of sedimentation then gives the relative, or slip 
velocity between spheres and liquid, termed u* • 
The effect of the presence of the spheres is to increase 
the effective viscosity experienced by any sphere in the 
aggregate* Kermack ^  believed that the effective 
viscosity is somewhere between that of the liquid mediim and 
the value [l + 2.5(1 " 6 )]// as determined for a suspension 
by Einstein (?)• After a calculation not presented in their 
paper they arrive at the following expression for the 
effective viscosity 
= [l + 1.6(1 - e)] (2) 
Substituting this value of for and the value 
found for u* for u in Eq. (1), and neglecting powers of 
(1 • g ) hi^er thfiui the first, the equation becomes 
u = [l - 7.1(1 - 8)3 V (3) 
Smoluchowski (29) earlier had treated the problem of 
return flow in sedimentation by extending Lorentz's (17) 
solution for the motion of a single sphere approaching an 
infinite plane wall. The main conclusion reached was that 
the local return velocity depends on the concentration and 
also on the local particle arrangement. For an equillbrliam 
arrangement of particles, however, the return flow component 
must have a constant value; otherwise there would be relative 
9 
motion between parts of a suspension. 
The treatment of Burgers (3) Is much similar to that 
leading to Eq. (3) with the exception that he studied both 
fixed random and regular arrangements of spheres. His final 
equation was 
Another similar approach Is that of Hawksley (10), whose 
equation for viscous sedimentation of spheres Is 
The viscosity correction In this case was taken from a solu­
tion formulated by Vand (31) In the course of a theoretical 
treatment of the complex case of the apparent bulk viscosity 
of a concentrated suspension. The spheres were considered to 
be in equilibrium arrangement and hence the corrected velocity 
for Stokes* law was obtained merely as u/e • An equilibrium 
arrangement would appear to approach actual conditions more 
closely than the random arrangements assumed In the derivation 
of Eqs. (3) and (ij.). Another advantage of this equation over 
(3) and (ij.) is that it is not restricted to dilute suspensions. 
Lewis and Bowerman (l5)» using Stokes* law as a starting 
point# derived an empirical relationship to describe their 
fluidlzation data in the viscous flow region. They also 
developed analogous relationships to describe the intemedlate 
and turbulent regions of fluidlzation. 
V (i|.) 
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Lewis, Gilliland and Bauer (16) obtained a satisfactory 
correlation for their fluidization data at low Reynolds* 
numbers by means of a plot of Reynolds* number against 
friction factor times 
Wilhelm and Kwauk (33) made a detailed study of the 
fluidization characteristics of sand, glass beads, lead shot, 
crushed stone and Socony catalyst beads, over a particle 
range of 0*011 to 0*21 in*, using water and air as fluidizing 
media* The correlations they employed were plots of functions 
analogous to the friction factor against Reynolds* number, 
the latter based on particle diameter* The plots consisted 
of a series of different lines for different porosities* The 
data of these investigators is of dubious value, however, 
since the values of free fall velocity they report and those 
calculated from the data of Pettyjohn and Christiansen (2^) 
differ by as much as 1$ per cent* 
Mertes and Rhodes (19) have presented a generalized 
empirical correlation of fluid-particle behavior* Their data 
were taken on glass spheres, ranging in diameter from 0*00807 
to 0*0281). cm*, in water, carbon tetrachloride and gas oil* 
One of the most common starting points for the fixed bed 
approach to fluidization is the equation derived by Kozeny 
(13) for viscous flow throu^ compacted beds, one form of 
which for sphere is 
11 
1? /\pg 
1 - e 36k^ WT 
u  =  ( 6 )  
vfliere u = velocity based on empty column 
D = sphere diameter 
Ap = pressure drop throu^ bed 
K ~ a constant 
= 5.0 In- viscous flow region 
W = weight of spheres 
A = cross-sectional area of column 
It can be shown that the velocity u In Eq. (6) is equivalent 
to the previously employed u of sedimentation* 
Stelnour (30) found that by letting 
Apg = ~y|~" ^ " P 
vfliere the ri^t-hand side is the buoyant force acting on the 
sedlmentlng bedf he could adequately describe the process of 
viscous sedimentation for porosities up to 80 per cent. 
Stelnour verified the resulting equation 
u = iL ^ ),g (8) 
1 - e 36Ky£/ 
vdth data obtained from the sedimentation of fine-pearl 
tapioca particles and small glass spheres* 
Leva et al. (li|.) attempted to correlate data, obtained with 
round and with sharp sands in the range of 0.002-ln. to 
0.0l5-in. diameter, with a modified form of Kozeny*s equation. 
12 
However# he found large deviations for the smaller spheres* 
In an analysis of Leva's data, Morse (21) explained the 
deviation as being caused by flocculation of the particles*. 
Brinkman (1), in a highly mathematical treatment, 
modified Darcy*s (6) equation to describe viscous flow through 
an esqoanded bed of spheres* Brinkman's final equation con­
tained a viscosity term the exact nature of which he did not 
understand. His equation was tested with experimental data 
by Vershoor (32)# who showed that the equation was valid if 
the viscosity employed were that of the pure liquid rather 
than that of the suspension* 
B* Concepts Requisite to New Theory 
1. Wall effect 
The work discussed in the previous section was done for 
the most part under the assumption of an infinite fluid. In 
actual practice# of course# the fluid is bounded by a column.. 
Well-defined corrections exist in the case of a single 
falling sphere for the viscous and fully turbulent regions of 
flow* Thus for the viscous region Francis* (8) correction is 
D ,2*25 
» = - BS) V (9) 
where D is the sphere diameter and D© is the diameter of the 
column. For the fully turbulent region the velocity of fall 
13 
Is expressed by Monroe's (22) equation as 
U = [l - <10) 
where u-^ Is the velocity of fall in an infinite fluid. 
Experimental data are required to determine the wall effect 
on a single falling sphere in the intermediate Reynolds* 
number range. No rigorous theoretical or experimental 
treatment of wall effect in fluidization is known to exist. 
2» Diametera 
For correlation purposes it is desirable to make use of 
several types of particle diameters. One of these, is 
based upon standard screen size and is expressed as 
(11) 
Dr V2 Lor 
where and D2 are the standard screen sizes which conse­
cutively pass and retain the particles. A shape factor f 
may now be defined as 
„ surface area/unit volume of spheres 
^ ~ surface area/unit volume of particles (12) 
when both spheres and particles have the same overall size, 
as would be the case if separated by the same pair of 
standard screens. 
Another useful quantity is the spherical diameter, D3, 
which is the diameter of a sphere equivalent in volume to the 
llj. 
particle under consideration. A factor, vj; , may now be 
defined such that 
\M „ surface area of a sphere mo) 
» " surface area of a particle 
both of the same volume. If a quantity, is defined as 
the diameter of a sphere having the same surface as an 
irregular particle, it becomes obvious from Eq. (13) and the 
definition of D3 that 
-2^= vH 
or, solving for Dp 
Prom the definitions of Dp and Dg it is also apparent that 
^ = Kg = number of spheres in a sized sample (l5) 
TTIV^ 
'g'*"" of unit volume passed and retained by 
successive pairs of standard screens 
= Np s number of particles in unit volume (16) 
TTDg^ 
passed and retained by successive 
pairs of standard screens. 
Prom Eqs. (12), (l5) and (16) it follows that 
^ area of spheres x Ng 
area of particles x 
_TIl£_ U_ 1 A I -iTjQa_ 
- U ^1 D,3-rr( 6 
15 
which upon siniplification booomea 
f V~ ^^7) 
r p 
Combination of Eqs. (llv) and (17) yields the relationship 
f = -yS-kj; 
dr fDp = <4^ Dg (18) 
It is now desirable to incorporate the foregoing diameters 
and shape factors into the basic flow equations. Kozeny»a 
equation may be written in surface form as 
u  =  — ( 1 9 )  
1 - e Ks^  
where ly, = W/A<J 
S = surface area/unit volume of particles. 
The quantity S in Eq« (19) may be expressed as 
q - surface ag'ea 
~ particle 
number of particles 
unit voliuoe 
which from Eq. (16) and the definition of Dp becomes 
S = TTI^^ ' —-
TTDg^ 
Use of Eqs. (li].) and (l8) gives 
TTPa^ I 6 6 
^ ^ I "TT ^ 
fIV (21) 
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Substitution of this value of S into Eq» (19) yields the more 
useful relation 
u = S ;S 12 (22) 
(1 - £ ) 36VLo 
In the original derivation of Stokes* equation (Eq. (1)) 
for the fall of a sphere in a viscous liquid the resistance to 
flow of the sphere was computed to be 3'iT>^ VD and this was 
then equated to the buoyant wei^t of the sphere. The 
equation was then 
ttd3 
3 TtA VD = —^ - f> )e (23) 
For irregular particles, however, this must be changed to 
3Tr^ VDp = (^.p)e (2lt) 
since the resistance encountered is proportional to the sur­
face area, con^juted from Dp, and since the buoyant weight is 
computed as the product of the density difference and volume, 
the latter being equal to TrDa^/6, By means of a substitution 
for from Eq, (llj.), Eq. (2ij.) becomes 
3Tr^ (S -p )g (25) 
which upon solving for V yields 
V = (26) 
18>/ 
This is Stokes* equation for irregular particles. 
17 
3* Turbulence factor for Stokea* equation 
Stokes» equation (Eq. (3l|.)) was derived for flow at very 
low Reynolds* numbers (O.O^). However, by Introducing an 
experimentally determined factor Ps Into tlie equation It Is 
possible to retain Stokes* form over the entire Reynolds* 
number range. Thus Eq. (2it.) can be written for the general 
case as 
u (1 > p.) = (27) 
^ere the quantity Pg is a function of Reynolds* number, 
approaching zero as the Reynolds* number decreases below 0.1, 
thus causing Eq. (2?) to reduce to Eq. (^). 
Althou^ there are numerous data in the literature from 
which the values of Pg at various Reynolds* numbers might be 
computed, a comparatively recent paper by Pettyjohn and 
Christiansen (2$) appears to afford data extending over the 
greatest range of Reynolds* numbers. These Investigators 
made a careful study of the free fall velocities of both 
spheres and various Isometrlcally shaped particles in white 
mineral oil, water and water-glucose solutions. Their data 
on spheres together with calculated values of (1 + Pg) are 
given in Table 1« Computations of P3 were made by solving 
Eq. (27) for Pg to give 
18 
_ ^ - P  ) 
" 16>/ u 
P, = - 1 (28a) 
^ = ,r./2 <28b) 
Prom the results of Table 1 a log-log plot of Pg versus 
Re has been made and Is presented In Plgure I* Extrapolation 
to lower Reynolds* numbers than given by Pettyjohn and 
Christiansen Is Justifiable Inasmuch as this portion of the 
plot la a straight line. 
In Table 1 the corresponding values of have also been 
presented. This quantity Is defined as 
18 
and Is a dlmenslonless measure of the properties of liquid 
and particle, vftilch can be correlated with Reynolds* number. 
Such a plot appears In Plgure 1 and has been employed In this 
study to predict free fall velocities from given properties 
of liquid and particle* 
!{.• Turbulence factor for Kozeny* s equation 
As was the case with Stokes* law, the form of the Kozeny 
equation may also be kept In the turbulent region of flow by 
Introducing an ejtperlmentally detemlned correction factor* 
Thus Eq, (22) becomes 
u(l + Pjjo) = —^ ^ P8 
 ^ (1 - e ) 36k<29) 
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vhere Pkc Is the oorreotlon factor* The natural quantity to 
correlate with IS the Reynolds' number. However^ a 
difficulty now arises, since it is the diameter of the pores 
and not of the particles vftilch is the signlficsunt variable 
for flow throu^ contacted beds* 
Consider now a tinit volume of particles of average 
diameter By Eq« (21) the surface area in this unit 
volume is equal to 6/fDp. The equivalent diameter, 
the pores is equal to four times the hydraulic radius, which 
may be written 
n - h (void volume) /--x 
eq» ~ 4- particle surface ' 
Defining ^ as the volume of voids per unit vol of solids Eq. 
(30) becomes 
^ea = = - fD) (31) 
6/fD 3 
However, it is usual to work in terms of £ rather than ^ , 
and since 
e = —ly— 
1 + ^  
it is found on solving for ^  that 
^ = TTT- 02) 
Substituting for ? in Eq. (31) by means of Eq. (32) the 
resulting equation is 
21 
®eq, ~ 3 (1 - e ) 
The appropriate velocity to be employed in the Reynolds* 
number is Vi/s » since u is based on empty column cross-
section, Af and the cross-section for flow in the bed is 
only 6 A. Therefore, the equation for Reynolds* number is 
found to be 
,2 g ^ ,2f 
3 (1 -€) 3 (1 - € )^ 
The 2/3 may be neglected, for correlation purposes, since it 
is a constant. As this study is concerned with spheres, for 
vihich f is one, it is apparent that the appropriate corre­
lating factor for the quantity of Eq. (29) is Re/{1 - €) 
where Re is based upon particle diameter* 
The data required to establish K(1 F^q) as a function 
of Reynolds* number were taken from the e^erimental points 
of Brownell erb al« (2), Burke and Plummer (ij.) and f3?ora a 
correlation of Carman (5)« The data and calculated values 
leading up to K(1 + and Re/(1 - 6) are presented in 
Table 2, and a log-log plot of K(1 + %q) versus Re/(1 - S) 
is given in Figure 2, The value of K(1 + Pg^) is seen to 
remain fairly constant at about up to a value of 
Re/(1 - £) of about 15 where it begins to increase* 
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C« Now Theory 
1. Viscous region 
The principal asaiamptlon in the derivation (27» 28) is 
that the driving foroe^ Apg» in Kozeny*s equation can be 
e^ressed for fluidization and sedimentation as 
Apg s= (<^ - p)g - J (Stokes* force/sphere) (3^) 
which from Stokes* law now becomes 
Apg = -JL - p)g - W __6 3n-^u»D^ (36) 
A/^ TTV 
The slip velocity u* la employed since in fluidization it is 
the relative velocity of sphere and liquid which determines 
the Stokes* law resistance* Substituting the value for Dp 
given by Eq. (ll|.) and replacing u* by its equivalent, u/e , 
Eq« (36) becomes 
Apg = -JL iS - p)g -
a S  
Making this subs{;ltution in Kozeny*s equation as ej^ressed by 
Eq. (22) with fl^ = Vj/Dg, 
el_.£fDg£_ U = -
1 - 8 36K^ 
SDg'^Vlf 
and letting c() = gVd - 6 ) 
(38) 
2lf 
u  =  d )  '  P ) &  _  <t> 
3 6 K 2 K  £  
Rearrangement and cancellation now gives 
tt(aK + i|-3/2) = 
(39) 
(i|.0) 
where 
c 2 
<t'' = r4^ 
Rearranging and solving for u gives 
u = 
4> V^Da^(<$ - p)g 
18>^ 
(in) 
which should be a general equation for fluidizatlon and sedi­
mentation In the viscous region-
It la now of Interest to develop several other useful 
forms of Eq. (i|J.). For porosities approaching unity both 4? 
and 4)* approach Infinity, and Eq. (IjJ.) becomes 
V = s i i y i i / U  - P ) e  
l6_/f 
Division of Eq. (liJL) by Eq. (i).2) now yields 
i h 2 )  
U S 
V 
4> (W) 
Multiplying both sides by Dp/^ and rearranging# the result 
Is 
25 
ifp = r 4'* 
'  _2K^+ S> 
'-V|)3/2 ^ 
^ (lA) 
Thus a useful relationship between u and Stokes* velocity has 
been developed* 
For porosities approaching those of a compacted bed 
(about 1|.0 per cent) <J)* becomes small in comparison to 
and Eq. (i},l) is nearly equivalent to Eq« (8), It is of 
Interest to note, however, that K has a sli^tly variable 
VEilue in even a compacted bed. Eq« (Ip.) in Kosseny form is 
t V ' "  us, 
+ <fe' ^  
For spheres in a compact bed of l|.2 per cent porosity, the 
term (|)* amounts to 0,l52» For spheres arranged in 
close packing ( £ = 0,269^) the term (|)* vj/^/2/2 has a value 
of O.Ol}.97* Thus it is seen that the value of K in compact 
beds of spheres is not exactly constant. 
2. Turbulent region 
The derivation (27, 28) of an equation for fluidlzation 
and sedimentation in the turbulent region is quite analogous 
to that in the viscous region. 
For turbulent flow through a compacted bed the appropriate 
equation is 
26 
U(1 + FJJQ) = 
_e^ A pg 
1 - £ 36K yifLo 
(l|.6) 
Making use of Eq. (l8) and solving for the slip velocity u*, 
the result Is 
In flow through a compact bed the spheres are restrained, 
causing the fluid to pursue a devious winding path, thereby 
losing a portion of Its kinetic energy each time Its direction 
changes* Mien the reaction on the spheres of this change In 
direction begins to equal their buoyant weight, a state of 
Incipient fluldlzatlon occurs. In which, without appreciable 
change In porosity the spheres tend to assume a packing 
arrangement In >dilch the channels In the vertical direction 
are on the average greater In cross-section than the ohannels 
at rl^t angles to flow. The work of J. J. Martin ejb al« 
(18) affords an excellent Illustration of this. These workers 
p\imped oil throu^ beds of spheres packed In various regular 
arrangements* Whereas the value of K computed from their 
data Is 1{.*66 In cubic packing {]4.7*6 per cent porosity) and 
i|.*69 In rhombohedral packing (2^*95 P©r cent porosity), they 
found that when the type of packing afforded different pore 
areas In different orientations of the unit cell, decidedly 
different values of K resulted* Thus, in orthorhomblc packing 
u> = Apg 
36K(1 + 
(47) 
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the mlntmuin pore areas are per cent of the total cross-
section in one direction, and only 9*35 per cent in another, 
although £ for the packing is constant at 29P®^ cent. 
Vlhen fluid was made to pass through the minimum area, use of 
an £ of 39per cent in the Kozeny equation yields a K of 
16.90, whereas when passed in the direction corresponding to 
the maximum pore area, K is found to be 2.55« Con5)Utlng the 
value of 6 that will give the value of 69 found in 
unifoiTO packing, it turns out to be 1^.6per cent for the 
case of flow in the direction of maximum pore area, and an E 
of 27•if per cent was required for the case of flow in the 
direction through the minimum pore area. 
This demonstrates beyond shadow of doubt that use of the 
factor £ in the Kozeny equation as a measure of the hydraulic 
radius is valid only when the packing is uniform, and that 
the true variable concerned is not G , but the minimum area 
of the pores in the direction of flow. 
Since it is possible for the fluid in incipient fluldi-
zation to rearrange the initially random state of packing to 
one offering much less resistance to flow without increasing 
the void volume, a drop in the value of K (as shown by J. J. 
Martin's experiments) from 1|.66 down to 2.^5 is to be 
expected. For this reason the factor K(1 + PrcJ' ^ 
pacted bed, is written Kg(l + Pkq) for an expanded bed. With 
this alteration Eq. (i|.7) becomes 
28 
vi>^Da^ A PS 
ikB) 
where K. is the value of the Kozeny constant for an expanded 9 
bed* 
A portion of the driving force, A pg, in Eq. (if?) will 
be consumed by the drag computed for a single sphere in an 
infinite fluid. Thus it follows from Eqs. (2ij.) and (27) that 
the drag on a single sphere is 3Tr>^ uD(l + Pg). For a bed 
of spheres this drag must be multiplied by N/A, where N is 
the number of spheres and A the cross-sectional area of the 
bed. Hence 
^ (Drag per sphere) = —(3Tr/YU«D^(l + F^)) 
^ AO ir 
which on simplification becomes 
Substitution for by use of Eq. (li|.) makes possible further 
simplification to 
It is now assumed that the net driving force used to overcome 
friction in Eq. (i|.7) can be expressed as the difference of the 
buoyant wel^t and the drag as expressed by Eq. (50). Thus 
the resultant equation is 
- (Drag per sphere) = 
^ A^ D33 
{ k 9 )  
(Drag per sphere) = —* 
A A<^N/v|/Dg^ (^0) 
29 
W 
Apg =  ^  (^ - p)g -
l8l^U»(l + Pg) 
A<S v/^ Da^ 
(^1) 
Making this substitution In Eq« (l;.?) yields 
u« = 
36Ke(l + 
vrtilch simplifies to 
, .  6' " P^g vp3/^t(i p^) 
36Ke(l + PkoM " 2Ke(l + P^e) 
Rearranging to make the equation explicit in u* gives 
u» = 
2E,U 1- PKQ) ^ 
* P.) 
Vvj/ Da^C J - p)g 
18 (^1 4- Pa) 
(52) 
Eq« (52) may be expressed in simpler fom by introducing the 
quantity as defined for a sphere in Eq. (28b) 
ei?(^ -p )p 
Ku - i8y/ ii (28b) 
Combination of Eqs. (^2) and (28b) results in the equation 
-
ey/ 
ct>' 
2K,(1 + Pkj) 
175; ())-
•fV \ 
(1 + P,) 
(53) 
'(1 + Pg) 
To put this equation Into more useful form It Is desirable to 
solve for the unknown quantity Kgd + Pge). When this is 
done Kq« (^3) becomes 
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Ko(l + PKe) = 
d,! ^ 3/^(1 t Pa) JIh— 
B»U + P,) 
5 
- 1 
For spheres, of course, 'j' Is imlty and Eq. (54) simplifies to 
Ke(l + Pg^) = — Kg 
Red + Pfl) - 1 (55) 
For the sake of clarity a new quantity k^ may be defined, 
given by 
Red + Pg) (56) 
Combination of Eqs. (55) emd (56) now results in the equation 
Ku ^(1 + Pjj^) = 
2 
-1 (57) 
It can be shown quite easily that the general fluidlza-
tlon equation extrapolates to the correct equations in the 
cases of porosities approaching 1,0 and For this pur­
pose Eq. (53) will be employed. For porosities approaching 
unity (infinite expansion of the bed) the expression In 
brackets in Eq, (53) approaches unity and Eq. (27) is 
obtained. For porosities approaching Q»\\2., 
(b' _ j? I 
ZK,U + Pk,) 
(j)' 
2K.U + %e) 
172; 
+ Pg) ' 
and Eq. (53) approaches the form of Eq. (29) for flow 
throu^ compacted beds* 
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III.. EXPERIMENTAL 
A* Preliminary Work 
1, Screening and rolling 
The glass beads employed in this work, with the exception 
of the 0,336 cm. and 0.50^6 cm. diameter beads, were initially 
separated with Tyler screens varying in aperture diameter by 
thorou^ in order to insure sharp sepsuration. 
The polystyrene beads were also separated by half-size 
screens. Here, however, the technique required was somev^at 
different, since an electric charge was easily acquired by 
the beads, causing them to stick to the screens. At first, 
screening under water was tried, but the small density dif­
ference between polystyrene and water made this method very 
slow. The method ultimately chosen was that of first mixing 
the beads with fine copper powder. The powder coated the 
beads and effectively dissipated the electric charge. It was 
necessary to add more copper powder to the beds periodically 
since the original coating was usually depleted during the 
screening process* After screening was completed the copper 
powder was removed from the beads by treatment with dilute 
The screening work was done by hand and was very 
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nitric acid* after which the beads were air dried. It was 
found that drying in an oven at 10^° C. caused a slight loss 
in wei^t and shrinkage of the wet beads. 
After having been screened, each sample of beads was 
rolled down an inclined glass plate in order to remove the 
non-spherical ones. A piece of plate glass 11 in. square was 
used. The non-spherical beads either remained stationary on 
the inclined plate or rolled to one side. In either case 
they were discarded. 
2. Diameter determination 
The diameters of the spheres were deteiroined from a 
representative sample of about 200 spheres taken from each 
size sample. The representative sample was taken by spreading 
the entire sample on a plate and picking up four to six 
spheres at a time on the moistened point of a lead pencil 
\mtil approximately 200 had been taken from randomly selected 
positions. 
All glass sphere samples of sli^e 3^ mesh and smaller# as 
well as all polystyrene spheres were measured with a filar 
micrometer. For glass spheres larger than 35 mesh ordinary 
micrometer calipers were used. Poi* the filar micrometer 
measurements the spheres were sprinkled over a microscope 
slide covered by a thin layer of glycerol so that they would 
be held in place• 
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3« Penalty determination 
Density measurements for all liquids were performed with 
the use of a 2^ ml. specific gravity bottle at approximately 
25° C. Density measurements on the spheres were performed In 
the following manner: The specific gravity bottle was first 
weighed ernptym Next It was filled about two-thirds full of 
spheres and welded. Finally water at 2$9 C» was added until 
the bottle was filled^ and another welding was made* From 
these three welgihlngs, the density of water at 2^° C. and the 
volume of the specific gravity bottle, the density of the 
spheres was computed* 
For density determinations on the polystyrene spheres It 
proved necessary to add a small amount of wetting agent to 
the water used, since the spheres were Incompletely wetted by 
ordinary distilled water. 
I|.« Viscosity determination 
Viscosity-temperature curves for liquids used In this 
Investigation were obtained from measurements made with the 
Hoeppler Precision Vlscoslmeter HV-363* The vlscoslmeter was 
used In conjunction with a constant ten^erature bath and a 
pump to circulate the constant temperature water throu^ the 
water Jacket of the vlscoslmeter* The pun^) en^loyed was a 
31^ . 
Slgmamotor Pump so as to have a minimum heating effect on the 
water* 
Free fall velocity determination 
Free fall velocities, with the exception of those in 
ethylene glycol, were determined in a l|.-in. diameter pyrex 
column some $ ft» in heights Marks were made on the column 
with a glass marking pencil to denote distance intervals, 
and times were taken with a stop watch. The column was 
enclosed on two sides by wood planks extending the length of 
the column. Cellophane enclosed the other two sides so that 
the column was insulated against sudden changes in temperature 
of the ambient air due to drafts* 
It was found that in order to obtain reproducible and 
accurate results, it was necessary to introduce the spheres 
into the exact center of the top of the column. If they were 
allowed to fall near the wall of the column, the times of 
fall were considerably longer than expected. For this reason 
a funnel was attached to the top of the coliimn in the center 
so that the water level extended up into the open mouth of the 
funnel. The spheres to be tested were first put into a beaker 
and covered with water, and then transferred by means of an 
eyedropper to the funnel. 
Free fall velocity data for spheres in ethylene glycol 
were taken In a 1000 ml. graduate cylinder of 6.1 cm. inside 
3^  
diameter. The distance of fall measured was small, and a 
temperature measurement at the mid-way point was considered 
adequate* 
Temperature measurements In the water column were made 
with two l/lO® C. thermometers hung In the column at the one-
third distance points of the fall Interval. Two thermometers 
were necessary because a vertical teit^erature gradient always 
existed In the column at equilibrium conditions* 
6* Column diameter determination 
The diameters of the columns employed In this Investi­
gation were determined volumetrlcally. The volume of water, 
as measured by a volumetric flask or pipette, required to 
fill a measured length of column was employed to compute the 
average diameter* Diameters were also computed for various 
sections of the coluzm to Insure that the tube was uniform* 
7» Permeability work 
Considerable work was done to evaluate the constant K of 
the Kozeny equation, since this equation was the basis of the 
fluidization correlation to be used* The first apparatus 
employed for this purpose was a glass tube 1*23 cm. in 
diameter with a cloth support fastened on with a rubber band. 
This arrangement proved imsultable for a number of reasons 
and a more permanent piece of equipment was decided upon. 
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This consisted of a glass tube i|.0 cm. In length and l«9il. cm. 
Inside diameter*' On the bottom of this column was fastened 
with Aplezon wax the male part of a brass screw fitting. The 
female part screwed up so aa to hold a screen bed support 
tightly In place. A side arm near the top of the column was 
the liquid Inlet, lAille the top of the column held a drilled 
stopper throu^ which a l/lO. degree thermometer extended Into 
the column. 
Ll(juld was delivered to the column from any one of a 
series of volumetrlcally calibrated round-bottom flasks, each 
having a bottom outlet. Tygon tubing of approximately 1.1 
cm. Inside diameter connected the flask and jpermeability 
column. 
The pressure at vAilch the liquid was delivered to the 
column was determined from the height at which the supply 
flask was clamped upon a vertical 12-ft. length of pipe 
fastened to the wall. The pipe was marked in centimeters to 
facilitate readings* 
Before the permeability test it was necessary to remove 
all air from the bed. This was done by Immersing the bottom 
end of the column in a beaker of the liquid being used and 
then, throu^ a tee in the tygon tubing above the column, 
sucking the liquid up so as to fluldlze the bed. The suction 
line from the tee and the main tygon line below the tee were 
then clamped off and the bed allowed to settle, the end of 
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the oolumn remaining Immersed In liquid* Next the supply 
flask was clamped at the desired height and liquid poured In 
to above the top calibration mark of the flask# Then the 
beaker under the column was lowered so that the liquid level 
was below the screen, and the clamp removed from the main 
supply line. Times were recorded with a stop watch as the 
liquid level passed the calibration marks on the supply 
flask* Measurements of flask height, temperatiire in the 
column and bed hel^t supplied the necessary data* 
To obtain the range of Reynolds* numbers desired, a 
number of liquids were used in the permeability tests. These 
liquids included water, methanol, aqueous glycerol solutions 
and aqUeous ethanol solutions* 
The sedimentation and fluldlzatlon £^paratus diagramed 
in Figure 3 was designed to also permit making pemeability 
runs* For this purpose valves (9) and (10) were closed while 
valves (8) and (11) were kept open. Otherwise operation was 
similar to that of fluldlzatlon and is described later on in 
this section* 
B* Grinding 
One of the most troublesome features in correlation of 
the fluidization and sedimentation data was the 1:^^^ varia­
tion in size of the particles in a sample obtained by 
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screening. For this reason It was decided that It was 
essential to have samples of spheres of unlfom, or very 
nearly uniform, size* The method employed to obtain such 
samples was to grind the spheres between two flat glass 
plates with the aid of carborundum oon5)ound. Grinding by 
hand Indicated feasibility of the method, whereupon a 
mechanical grinder was set up. This consisted essentially 
of a stationary glass plate 1^ in. square mounted on a wood 
foiuidatlon with an eccentrically moving 12-in. square glass 
plate above this. The latter was driven by means of a 1/8-
hp motor and a Graham tranamission. Connection from the 
transmission to the top glass plate was made by means of a 
rod inserted into a drilled stopper glued to the plate. 
Having operated this small grinder a sufficient period of 
time to ascertain the essentials of proper grinding technique 
and the mechanical difficulties likely to be encountered, a 
new grinding apparatus with greatly Increased capacity was 
designed and built (see Figure 1|.), This consisted of fow 
pairs of glass plates, with the 12-ln. square top plates 
moving eccentrically over the l^-ln. square bottom plates. 
The bottom plates were mounted in plaster of Paris on top of 
an 8-ft. by l6^-in. piece of 3/14.-in. plywood. Two strips of 
channel iron were fastened along the length of the underside 
of the plywood for added rigidity. The top glass plates were 
powered by means of a 1-hp motor through a 1|.0:1 speed reducer. 
Figure 1|.. Photograph of grinding apparatus. 
k.Oh 
The rotating motion of the top plates was supplied by a 
horizontal 6-ft« length of angle Iron, to vftilch clamps were 
attached. Rods held by the clamps protruded down Into 
drilled wooden blocks glued onto the glass plates. A super-
stioicture of plywood and angle iron served to support 
the shafts, bearings and bevel gears. The two brass cylinders 
at the bottoms of the two vertical 3/14.-in. diameter shafts 
were each provided with three tapped holes thereby making 
possible three radii of rotation of the top glass plates. 
These radii were l/i|., l/2, and A set of cone pulleys 
on the speed reducer and raiain shaft made possible variable 
speed operation. 
A good deal of exploratory work was required to fix 
optimum operating conditions for the grinder, since these 
varied depending upon the size spheres being ground. For the 
large sphere's, such as the 0,336 cm. and 0.^056 cm. diameter 
spheres, the 3/h- in* radius of rotation and a speed of about 
60 rpm. was adopted. For the smaller spheres, for example 
the 35 mesh, the 1/2 in. radius of rotation and spproximately 
a 30 rpm. speed was employed. It was found imperative to 
load the plates to avoid slippage between the plates and 
spheres. Slippage caused the formation of ellipsoidal-shaped 
or flattened beads. A load of seven symmetrically placed 5 
lb. lead weights was used on each top plate. 
k2 
Initiating grinding operations proved a difficult task. 
Inasmuch as the spheres easily formed a double layer under 
the plate which could then be reformed into a single layer 
only with difficulty. The method finally chosen was to 
spread spheres on the bottom plate while dry, coat the top 
plate with carboirundum compound, and then carefully lower 
this into position on the loaded plate* 
Only the two largest sizes of spheres showed an appre­
ciable tendency to escape from between the plates during 
grinding. For these two sizes a wood frame, fitting around 
the top plate and sliding on top of the bottom plate was 
built. This effectively kept the spheres between the 
grinding plates* The factor causing the smaller spheres to 
stay between the plates so nicely was apparently a surface 
tension phenomenon* 
The grinding compound used was Carborundum finishing 
compotuid grade #A280-V8-WS, except for the 35 fliKi mesh 
spheres* For these. Carborundum finishing compound grade 
#AAi|.00-V7-WS was used* 
Approximate estimates of grinding progress were made 
during the course of a grinding by means of a micrometer 
affixed to a rectangular brass plate resting on the top glass 
plate* The micrometer measured the distance to the bottom 
plate* The initial distance at the start of grinding was 
measured, followed by measurements made periodically 
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thereafter. The difference between these and the initial 
measurement gave the amount of grinding directly. This 
method of following grinding progress did not prove completely 
reliable* however, as the wearing of the glass plates them­
selves soon became a noticeable factor in the measurements. 
The ultimate decision as to whether a sample had been suffi­
ciently ground depended upon the measurement of a small number 
of spheres taken fz>om between the plates. In order to obtain 
maximum uniformity of size it was attempted to grind all 
samples of spheres to below the size of the smallest sphere 
in the original sample, e.g., to below the size of the screen 
upon which they were originally retained. This was done for 
all sizes but the 20 mesh. 
It was foimd necessary to reverse the plates or even 
replace them as the surfaces became worn, due to the fact 
that wearing was sometimes demonstrably uneven. 
0. Fluidization and Sedimentation 
1. Water column 
The small glass fluidization column employed for runs 
using distilled water was 2.603 cm. in diameter and 110 cm. 
long (see Figure 3). Distilled water from a 55-gal. stain­
less steel drum (B) was pumped to the column (A) by means of 
Worthington centrifugal pump (C) powered by a 1-hp. electric 
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motor. Liquid flow rate to the column was controlled by 
valves (1) and (2). Valve (2) was a globe valve for coarse 
adjustment while (1) was a needle valve for fine adjustment* 
Prom the valves the water passed throu^ a double pipe water 
cooler (M), the function of which was to cool the entering 
water as nearly as possible to 25° 0. The water cooler con­
sisted of two legs, one or both of which could be used by 
adjustment of the tap water valves (23)* (2i|.) and (2^). The 
temperature of the water In the supply reservoir (B) was 
regulated by adjusting the recirculation valve (3). After 
leaving the water cooler the water passed through rotameters 
(G) and (H)« Rotameter (G) had a maximum capacity of 12^ ml./ 
sec., and rotameter (H) had a maximum capacity of about 23 ml./ 
sec. For smaller rates of flow it was possible to insert 
smaller rotameters in the line by means of rubber tubing. 
Next the water passed through an 8-ln. square piece of or Ion 
filter cloth held between a pair of filter press frames with 
closures made of 3/16 in. thick steel plates (D). From the 
filter, fluid next passed to the fluidlzlng column. For 
fluidlzatlon and sedimentation work valves (8) and (11) were 
kept closed while valves (9) and (10) were opened. A two-way 
stopcock (27) was kept open to the colxamn during fluidlzatlon 
work. All piping between the filter and the column was 1/2-
In. aluminum and stainless steel, with brass valves. The 
remainder of the piping was, on the whole, l/2-ln. galvanized 
iron and brass valves. This arrangement effectively pre­
vented clogging of the screen bed support In the colmnn by 
rust particles and other sedimentProm the coliunn^ the 
water passed throu^ valve (10) and hence to (I)« where any 
spheres accidentally passing out of the column were collected* 
This collector for escaping spheres was a vertical closed 
12-In. length of 2 l/2-ln. pipe i^lch acted as a settling 
chamber to prevent both loss of spheres and damage to the 
piimp. 
The bottom of the glass column was fixed In the line by 
means of a i|.-ln. diameter flange. The upper flange was 
fastened to the glass col\mn by Aplezon wax. Below this was 
set a brass cylinder In. In diameter and 1/2 In. thick. 
This cylinder was drilled to the same Inside diameter as the 
column, and to the bottom of It was glued a screen for sup­
porting the spheres. To the top of the 6-ln. long, 1 1/2 
In.-diameter calming section beneath the column was attached 
the other flange. The brass cylinder described above rested 
on this flange. The two flanges and brass cylinder were held 
tightly together by means of four bolts, with rubber gaskets 
separating them to prevent leakage. 
The top of the column was provided with a 3/]4.-ln. hose 
fitting which was also fastened to the column with Aplezon 
wax. To this was attached a 6-ln. length of 3/i}--ln. hose to 
provide some degree of flexibility in order that there would 
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be no stress on the column* 
A 0.7-cm. diameter glass manometer tap was located at 
the top of the column and a copper tube of the same size was 
soldered to the brass cylinder at the bottom of the coliunn* 
The tap at the bottom was connected by a drilled hole to an 
annular cavity on the Inside of the brass cylinder. This 
cavity was lined with 200 mesh screen, which formed the In­
side wall of the column at that point. This large surface 
area between the coliunn and manometer lead made possible 
rapid transmissions of pressure changes to the manometers. 
Two manometers were provided* One of these (L) was a 
mercury-water manometer for measuring large pressure dif­
ferences, while the other (K) was a water-air manometer for 
small pressure differences. A carbon tetrachlorlde-water 
manometer was at first used for the low pressure region but 
was later discarded because of the ragged Interface between 
the two liquids. In the apparatus as Initially constructed 
the lower manometer tap was located below the screen bed sup 
port. This was later changed to the above described arrange 
ment because of the uncertainty of treating pressure drop 
data when It Included a possibly variable pressure drop 
through the screen. The small bottle (J) was used as a 
reservoir of water for flushing air from the manometer lines 
Bed height measurements were made with a meter stick 
attached to the rear side of the column with rubber bands. 
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The bottom of the meter stick rested upon the top of the 
flange fitting which was glued to the bottom of the column. 
It was necessary, of course, to know the exact distance from 
the top of the flange fitting down to the screen bed support 
in order to know the absolute value of the bed hei^t. In 
order that bed heights mi^t be read below the top level of 
the flange fitting, notches one cm* wide and 2 1/2 cm. deep 
were made in the front and back of the fitting. Readings 
were made from a strip of centimeter graph paper attached to 
the column in the rear notch. 
In the previously mentioned calming section below the 
column was welded a thermometer wll. A l/lO° C« thermometer 
(E) was present in this well for measuring all fluidization 
and sedimentation ten^eratures • 
Spheres were added to the column by removing the rubber 
hose (P) and pouring them throu^ a funnel placed in the top 
of the column. Removal of a bed of spheres necessitated 
removing the entire column together with the screen bed sup­
port and washing the spheres out with distilled water. As a 
scLfety precaution against possible loss of spheres, the 
spheres were welded before and after fluidization. 
In order to save time and also to obtain comparable 
data, both fluidization and sedimentation data were taken in 
each series of runs. The procedure for any particular run 
was as follows: The flow rate was adjusted by valves (1) and 
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(2) until the bed was at the desired height. The rate of tap 
water flow to the cooler (M) was fixed so as to give the 
correct temperature reading at (E)« The temperature, rota­
meter reading, manometer reading and bed hei^t were then 
recorded* So that these variables would have no time to 
change, the two-way stopcock (27)# was thrown to cut off flow 
to the column, and a stop watch was started* The times at 
which the top of the bed passed various predetermined heights 
on the meter stick were then noted and recorded* These 
values, plus the original bed hei^t and temperature as 
recorded for the fluidization, constituted the sedimentation 
data* 
Two men were used in the previously described work* 
During the fluidization run one man was stationed at valves 
(1) and (2) to prevent variation in flow rate while the other 
took necessary readings* During the sedimentation run one 
man threw the two-way stopcock and simultaneously started the 
stopwatch while the other watched the falling bed hei^t and 
signaled the instants at which the top of the bed passed the 
designated heists* The first man would note and record the 
times of the signals* 
The large water column was cm. in diameter and 120 
cm. long, and was much similar in operation to the small 
column* No pressure drop measures across the bed were taken. 
Plow rates were determined from the weight of effluent 
collected In a 12-gal. pyrex carboy during a measured Interval 
of time# The bed support consisted of a coarse wire screen 
soldered across the top of an 8-cm« length of copper pipe 
which fitted snugly Inside the bottom of the glass column, 
and contained small Raschlg rings In order to promote imlform 
flow of fluid Into the column. 
2. Glycol column 
The apparatus for fluldlzatlon and sedimentation of 
particles with ethylene glycol (see Figure 5) was similar In 
principle to the water apparatus already described# The 
glass column (A) was 2«ii.77 om« In diameter and approximately 
ll5 om* long* No provision was made for pressure drop 
readings across the bed. The bed support was simply a piece 
of cloth attached to the bottom end of the column with a 
rubber band. The column was provided with an air Jacket, 
which was a glass tube $ cm. In diameter and 102 cm. long. 
This jacket fitted on large rubber stoppers that had been 
drilled to accommodate the column. At both ends of the 
column were glass calming sections cm. in diameter. The 
top section (H) was 6 cm. long and the bottom section (G-) 10 
cm. long, provided with a 1.1 cm. diameter side arm. 
A glass bottle (I) with bottom inlet was suspended above 
the column as a trap for particles being carried out of the 
column. Near the bottom of the column was located a 
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thermometer well (J) •vAilch contained a l/lO^ C« thermometer 
(K). 
A Slgraamotor PUHQ) (B) was used to pump the ethylene 
glycol from the pyrex 5-gal. reservoir (D) to the constant 
feed tank (D) located about J ftm above the top of the colixmn. 
This type of pump was chosen so as to minimize heating 
effects 4 An overflow line (V) carried excess fluid from the 
overhead tank back to the reservoir. Tygon tubing of 1,1 cm* 
Inside diameter was used exclusively for liquid flow lines In 
this apparatus, connections being made with glass tubing. 
Two valves were installed in the line to control fluid 
flow from the overhead tank to the column* These were the 
hosecock (Q) and the stopcock (R). 
ROU£^ flow rate measurement was made with a rotameter 
(S). It was found that the calibration of the rotameter 
varied too much with ten5)erature when used with glycol to 
permit its use for exact measurement. For this reason, flow 
rate measurements were made by means of collection tubes (E) 
and (P). Vessel (E) was a glass cylinder 11^ cm. long and 7 
cm. in diameter, employed for high flow rates. Tube (P) was 
a glass cylinder 100 cm. long and 1.8 cm. in diameter and was 
utilized for low flow rates* These tubes were calibrated 
volumetrically, with a series of marks scratched on them to 
indicate various volumes. Hosecocks (L), (M), (N) and (P) 
were employed to put the correct collection tube into operation. 
2^ 
The tube not being used was sealed off from the flow system 
by closing the cocks at the top and bottom of it. The cocks 
on the tube being used were left open until the time for 
measurement approached, at i^ich point the bottom cock was 
closed. Plow rates were determined by measuring the time 
required for the liquid level to rise between any selected 
pair of gage marks. The bottom cock was opened again as 
soon as the measurement was completed, allowing the accumu­
lated fluid to flow back to the reservoir* In order to make 
possible a steady flow during collection, the tops of both 
tubes were vented to the drain line (V) by means of line (U). 
The reason for keeping the entire system closed from the room 
air was that ethylene glycol is hygroscopic, and would other­
wise absorb water, thus changing its viscosity. 
Bed hei^t measurements were made by means of a meter 
stick attached to the column by means of rubber bands. 
As in the case of the water column, both fluidization 
and sedimentation data were taken in any given series of 
runs. The procedure for any particular run was as follows: 
The stopcock (R) was opened and cock (Q) adjusted until the 
bed hei^t came to equilibrium at the desired value. The 
speed of pun^ (B) was set so that a small overflow throu^ 
(V) was noted* The exact flow rate was then measured uti­
lizing the appropriate collection tube* Next the temperature 
and bed height were measured and recorded as fluidization 
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data. The stopcock (R) was then thrown and sedimentation 
readings taken in the same manner as with the water ooliamn. 
Here again, two men were required to te^e the fluidization 
and sedimentation data* 
The large glycol column was cm, in diameter and 
120 cm. long and was much similar in operation to the small 
column. Flow rate measurements were determined from the 
weight of effluent collected in a l{.«llter flask diirlng a 
measured interval of time# The same arrangement as previously 
described for the large water column was employed to support 
the screen and promote uniform flow. As the constant head 
reservoir used in conjunction with the small column provided 
insufficient flow, a small centrifugal pun^ was connected 
directly to the column. 
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IV. TREATMENT OP DATA AND RESULTS 
A. Fluldlzatlon 
The expanded bed condition was characterized by a 
pressure drop across the bed approximately equal to the 
buoyant weight of the bed, or. In those tests In which 
pressure drop data were not taken, was characterized by con­
tinuous movement of the spheres, For fluldlzatlon tests It 
was customary to compute i^(l + ^ Ke) R®/(1 - The 
necessary calculations, using run #10 of Table 26 as a 
sample, were as follows: 
1. After the Individual diameters of a representative 
sample of spheres had been determined the average diameter 
for use In correlation was computed by means of the equation 
where nj^ Is the number fraction of particles with diameter 
For convenience In the use of this equation the various 
particle sizes were subdivided Into about ten groups and the 
average arithmetic diameter of each group taken as This 
type of average diameter has been shown to be valid In the 
compacted bed region as seen by the results In Table 3. 
(58) 
2. Determine the quantity by means of the equation 
T -  W 
^0 = XT 
, = , = 2.698 om. 
 ^ (i|..821) (2.629) 
3» Compute (1 - £ ) from the bed hel^t by the equation 
Lq 
^ ^ " Bed Hel^t 
1 - E = = 0.2836 
14.. Determine from the equation 
jr = S!L£-£_lf> 
^ 16A 
_ (960.6)(0.08S13)3(2.629-1.110)(1.1101 
Ku - U8)( 0,1514.5)^  
= 2.380 
5. Con5)Ute (|)* from the relation 
•I' = (1 - 6) 
<i>' = = 1.810 
6, Evaluate Re/5 from the definition 
Re « DuP 
" ey/ 
Re 
a 
?• Read the value of O.O787 for P- from the plot of F, ® 2 
vs. Re/^ (see Figure 1) and add one to obtain a 1 + F^ of 
1.0787. 
6^ 
8* Obtain as 
k„ = ^  <1 + p.) 
= (0.^28)(1.0787) = 0.^69. 
9« Confute Ked + J-Ke) from the equation 
, 1 '  
Ke(l + PKe) = (1-0787) 
= -iL 
2 
1.810 
Ked + %e) = (1 + Pg) 
2.380 
0.569 
Ke(l + Pxe) = 3.10. 
10. Obtain Re/(1 - &) as 
Re « & 
1 - e 
Re 
Re 
1 - £ 
. 0.71614. (0.^ 28) « T 
"" 0.2836 ~ ^ *333. 
(^7) 
-'] 
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B. Sedimentation 
The method of computation for the sedimentation tests 
was similar to that for the fluldlzation tests with the excep­
tion of the velocity determination. Values of the velocity u 
were determined as the negative slope of the stral^t lines 
obtained by plotting bed hei^t against time of sedimentation* 
The straight line plots obtained from the sedimentation of 
ground 20 mesh barium glass spheres in ethylene glycol are 
shown in Figure 6* In run #10, for example, the slope of the 
line is -0.572 and the sedimentation velocity u, therefore, 
0.572 cm./sec. 
In the later work, the sedimentation and fluldlzation 
data were taken at the same temperature and bed hel^t, thus 
making the quantities 1 - f ^ , K^ and in both sedi­
mentation and fluldlzation the same for any given run. For 
these cases, the sedimentation and fluldlzation data and 
results are presented in a single table. For the early work 
where the bed hel^t and temperature did not correspond for 
sedimentation and fluldlzation, two separate tables were 
needed* 
8^ 
7 0  
^ 60 
O 
O 50 
I 
4 0  
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^-^X€=0.7I64 
Figure 6» Plot of bed height versus sedimentation time 
for ground 20 mesh glass spheres in glycol. 
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C« Plow Throu^ Coanpaot Bed 
For the work in which data was taken on a oon5)act bed 
prior to fluidlzatlon the appropriate equation was £q. 
,a. 
Since f is unity for spheres, rearrangement to obtain 
K(1 + P^Q) yields 
 ^''Ke) = <59) 
As an exan^jle of the use of Eq. ($9) consider run #23 
of Table Si].. For this run Eq« (59) becomes 
K(1 + P ) = (Q*tt220.)(0,5056)^ (lj.^ 6Q)(980.6)(0.1t.72Q) 
 ^"" (36)(6.1|.7)(0.009117)(3.379) 
or K(1 + ~ 32»1» 
The value of Re/(1 - 6 ) is coniputed, in the manner 
previously shown, as 679• The computed values of K{1 + Pjj;^ ) 
have been listed in the tables in the column for Kgd + PJ^Q) 
to conserve space, but have been enclosed in parentheses to 
call attention to the distinction. 
Permeability studies were made in the viscous region 
using approximately 80 per cent aqueous glycerol solution and 
the permeability apparatus previously described. The results 
of this work verified the value previously reported in the 
literature (2, i}., 5) of about 5.0 for the Kozeny constant. 
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The data and coi!5)uted results of these studies are presented 
In Table 3. Eq. (59) was employed in the computation of Kw 
D. Plotting of the Data 
The final correlation plot of the results for sedlmenta-
tlon^ fluldlzatlon, and flow throu^ compact beds was a log-
log plot of either K^(l + or K(1 + against 
Re/(1 - £) (see Figures 7 and 8). Since corresponding 
curves for fluldlzatlon and sedimentation are almost 
identical, only the fluldlzatlon results have been plotted* 
In Figure 7 the easperimental points are plotted along with 
the compacted bed line, and in Figure 8 the points are 
omitted and curves are shown for the various series of runs* 
Also included in the figure is a plot of K(1 + Pgc^ 
against Re/(1 - £)• The points for this plot were computed 
from the data on compacted beds of glass spheres of Brownell, 
Dombrowski cuid Dickey (2) and from a correlation by Carman 
(5). The calculations leading up to these values are pre­
sented in the Appendix in Table 2«. The results of the data 
of Burke and Plummer (I4.) given in Table 2 do not appear to be 
as accurate as those of Brownell et ad. and Carman, and for 
this reason were omitted from Figures 7 and 8. 
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V. DISCUSSION 
A. Plot of KQ(1 + Pgg) against Re/(1 - €) 
The plot of K(1 + against Re/(1 - 6) for compacted 
beds of spheres Is seen to exhibit a value for K(1 + Pg;©) of 
five up to an Re/(1 - £) of about 17 In Figure 8. This means 
that the Kozeny equation is obeyed up to this point, and that 
beyond it the quantity begins to increase rapidly due to 
txarbulence# 
The plots of Kg(l + Pg©) against Re/(1 - E) for eagpanded 
beds, on the other hand, exhibit constant values of K^ d -f F]£Q) 
of between 2*5 and 3«2 up to an Re/(1 - 6 ) value of about 
3«0, beyond which point they, too, start to Increase, but at a 
smaller rate than the quantity K(1 + PjCc) conqpacted beds* 
It is apparent that in the case of flow throu^ an expanded 
bed, inclusion of the factor (1 + Pg) for departure from 
Stokes* law causes the effect of turbulence to show up at a 
much smaller Reynolds' number#. 
The fact that no single line results for Kj,(l + Pjj^) in 
an expanded bed in the viscous regime appears to be caused by 
a wall effect. It is believed that if sufficiently large 
tubes were to be ei^loyed the correlation might result in a 
61|. 
single horizontal line having a Kg(l value of about 
2.55 out to an Re/(1 - €) of 3*0. This conclusion Is sup­
ported by the fact that value of K^Cl •*- ^^r glass spheres 
In the 2«i4.77 and 2*603 cm. diameter columns and In the 
viscous regime) decreases with decreasing sphere diameter 
from a value of 3.2 for 16 mesh spheres down to 2.5 for the 
170 mesh. Furthermore* the use of a 5«50d cm. diameter tube 
was found sufficient to reduce the value of Kg(l + PK^) for 
the ground 16 and 20 mesh glass spheres from about 3*2 down 
to about 2*6* 
It Is seen that the coinpaoted bed curve constitutes an 
upper boundary to the plotted results of the fluldizatlon and 
sedimentation tests, and also Is obviously the origin for all 
curves for beds taken from the compacted to the expanded 
state. 
Above an Re/(1 - 6 ) of about 3*0 there Is a family of 
e^anded bed curves, the essential parameter being the point 
on the compacted bed curve at which Incipient fluldizatlon 
for a given bed occurs. The lower limit of this family of 
curves is the line for a bed of spheres which fluldlzes well 
Into the viscous regime (Re/(1 - e)<3.0). Although these 
lines are not parallel. It appears that they can be well 
defined by the buoyant weight of the bed. 
A portion of the data of Wllhelm and Kwauk (33) and 
Mertes and Rhodes (19) has been worked up and Is shown In 
6$ 
Figure 8. The data of Mertes and Rhodes* In the viscous 
regime, are seen to check closely the data obtained in the 
present study. The data of Wilhelm and Kwauk in the turbu­
lent region are also seen to correspond to the other data* 
At this point it is of interest to show the calculations 
t 
necessary to determine the point of incipient fluidization, 
i.e., that point at Which the fluidization curve breaks off 
from the curve for compacted beds. Writing Eq» (29) for 
spheres and solving for u, 
u = —si (60) 
( l - e )  3 6 k { 1  +  
At the point of incipient fluidization the A pg term should 
equal the buoyant weight, p), of the bed. This sub­
stitution and multiplication of both sides by (1 - £ ) 
yields 
_l2 (61) 
^ (1 - £ ) (1 - f )2 36K(1 + 
Since Re = Du/O^ , and since is defined by Eq, (28b), Eq, 
(6l) becomes 
R» - 6^ % 
(1 - e ) (1 - e )2 2K(1 + Pjij) ' ' 
Transformed this becomes 
—^ 2 K(1 + P^ ) „ _£3  ^
( l - e )  ( 1  -  6 ) 2  2  ' ^ 3 )  
A plot of (j^ ®®g J K(1 + Fjij) against Bo/(l - e ) has been 
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prepared from the compacted bed line In Figure 2 and is pre­
sented in Figure 9* If the quantity and the porosity at 
Incipient fluidization are known, "ttien the "break" point can 
be computed by use of Eq. (63) to determine K(1 + ^ KC^ 
and then of Figure 9 to determine the value of Re/(1 - £ )• 
Since the family of fluidization lines has been estab­
lished experimentally in Figure 8, the line for the fluidiza­
tion of any given bed can be drawn in if the "break" point is 
computed as just described. The upper limit for the value of 
Re/(1 - £) at the "break" point for beds studied in this 
investigation was about 7^0. This value occiirred for fluidi­
zation of the 0.^0^6 cm* diameter glass ^heres in water. 
No noticeable difference was apparent between the results 
obtained for unground spheres and ground spheres. For example# 
the results for fluidization of ground and unground 20 me^ 
barium glass spheres fall very nearly along the same line. 
This would appear to Justify the use of the type of average 
diameter employed in this study. 
B. Comparison of Fluidization and Sedimentation 
As indicated in Part IV the treatments of the fluidiza­
tion data and of the sedimentation data were essentially the 
same. Both fluidization and sedimentation are specific 
examples of a large class of operations in which there is 
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relative motion between particles and fluid. Since this is 
so, it is apparent that one of the more significant variables 
will be the relative velocity, or slip velocity# u*. For a 
given expsmded bed of particles at specified conditions, u* 
should be the same vtoether the bed is ixndergoing fluldizatlon 
or sedimentation, provided that there is no disturbing effect 
due to the column walls. For fluldizatlon the slip velocity 
is easily computed to be u/e, , since the net velocity of the 
particles relative to the container is zero. For sedimenta­
tion the velocity of the fluid being displaced upward must be 
added to the settling velocity to obtain the velocity with 
respect to the liquid. The upward fluid velocity in this 
case is computed to be u(l - £ )/g , and this added to u 
gives u/fe , which is seen to be the same as the slip velocity 
in fluldizatlon. 
Since the slip velocities should be the same in both 
operations at any given porosity, then obviously the veloci­
ties u should also have the same value. That this statement 
is essentially correct is shown by plots of u versus € for 
the data. In Figure 10 the u versus 6 plots for the sedi­
mentation and fluldizatlon of 100 mesh spheres in water are 
seen to be almost identical. The most serious discrepancies 
are shown by the data collected during the work v/lth glycol 
(see Figure 11). 3he porosities obtained during fluldizatlon 
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with glycol were somewhat higher at large velocities than 
those observed In sedimentation at the same velocities* It 
would appear that this Is a type of wall effect caused by the 
difference In the shape of the velocity profile of the liquid 
In the two cases* In sedimentation* vtieve the liquid flow 
upward Is due to displacement and Is relatively small* the 
velocity profile should be nearly flat* In fluldlzatlon* 
however* a parabolic velocity distribution begins to develop 
within the expanded bed at hi^ porosities* The hi^er fluid 
velocity in the central portion of the column then maintains 
the bed at a hi^er level than would be observed if the 
velocity profile were flat* 
C. Uniformity of Fluidlzatlon 
With the exception of the data for sedimentation of 
ground i^8 mesh barium glass spheres in ethylene glycol, all 
sedimentation data yielded straight lines for a plot of bed 
height against settling time* One such plot has already been 
shown In Figure 6 for the sedimentation of ground 20 mesh 
barium glass spheres in ethylene glycol* These straight 
lines verify the fact that the fluidlzatlon was uniform, i.e*, 
the porosity in the bed was everywhere the same* Curved 
lines were obtained in the case of sedimentation of gz>ound 1|.8 
mesh glass spheres in glycol, and It was necessary to 
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determine velocities by taking the slopes of tangents to the 
curves at zero time, as shown In Figure 12• It Is probable 
that the curvature of these lines Is caused by the electro-
kinetic phenomenon commonly termed the Dom effect* rather 
than by non-unlfom fluldlzatlon. 
Jottrand (11) In a study of fine crushed sands with water 
concluded that the fluldlzed bed Is non-uniform, with the 
denser region being at the top# If this were so then It 
would be e:!q)ected that the upper part of the bed. I.e., at 
the Interface, would at first settle more slowly than eiicpected 
and then would gradually Increase In rate of sedimentation 
as particles sifted from the denser top section Into the less 
concentrated region In the bottom section of the escpanded bed. 
Such a phenomenon would be evidenced by a concave downward 
bed height versus settling time plot, and therefore could not 
have been the case In Figure 12 where the curve Is concave 
upward. 
D. Further Study of Viscous Sedimentation 
Eq. the general equation for viscous fluldlzatlon, 
can be rearranged for spheres to the form 
u^ = <{>» I>a^(<r-P)g ^ 
-e- 21^  • 41 * 18 
when temperature varies from the beginning to end of a series 
of observations. If logarithms are taken in Eq. (614.), the 
result Is 
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log ux' - log ^ log P (65) 
£ 2K + IB 
It can be seen that if log Uyt//£ is plotted agidnst 
log <(>*/(2K + <t>') a straight line of imlt slope and Inter­
cept log - p )g/l8 at a <^*/2K + <))• of unity should be 
obtained. The quantity Dg^Cc^ - p )g/l8 Is simply Stokes* 
velocity multiplied by_// • The e3q)erlmental value of Stokes* 
velocity tlmesy^ » obtained in free fall velocity tests, for 
the groiind 1^8 mesh glsuss spheres in glycol is 0«0706. In 
Figure 13 a straigjit line of unit slope and an Intercept of 
0«0706 at c|)*/2K + cj)* = 1 has been dram# In addition a 
log-log plot of vs. <I)'/2K + (j)» for the sedimentation 
of ground it.8 mesh spheres in glycol is presented* The 
excellent agreement between the e:}cperimental points and 
theoretical line demonstrates the validity of Eq« (I4.I). 
E« Wall Effect 
No intensive study of wall effect upon fluidlzatlon and 
sedimentation was made during the course of this investiga­
tion* However# siifficlent data were collected to verify the 
fact that an effect exists for a sufficiently small ratio of 
column diameter to particle diameter* The effect appears to 
be inversely proportional In some way to the Reynolds* number, 
and also seems to increase with increasing porosity* In 
711. 
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Figure li|. plots are presented of u versus & for the fluldi-
zatlon of the $ ima* and 3 inm* gx^und glass spheres In water 
in coliirans of diameter ^.^08 oti. and Zmli.77 cm. The smaller 
porosity at any given value of u for the large column is 
appreciable at porosities exceeding 80 per cent. It is seen 
from the curves in Figure 1^ that the value of K^d + Pg^) is 
greater for the case of the small column than for the corres­
ponding value of Re/(1 - 6) in the large column. The data 
obtained in the large column* of course* must be the data 
employed in any fluidization correlation until the time when 
wall effect can be evaluated quantitatively. The data 
obtained in the S.lj,?? cm. diameter column utilizing 3 mm. and 
$ mm. ground glass spheres in glycol must be considered 
invalid except to demonstrate wall effect. As seen in Figure 
1$ the discrepancy between the data collected in the two 
column sizes is appreciable* with the data for the $ mm. 
spheres in the small coliann falling above the compacted bed 
line. 
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VI, CONCLUSIONS 
A general theory for treating the relative motion of 
fluids and expanded particle aggregates has been descrlbed» 
based on the assumption that the forces resisting the motion 
of a particle within an aggregate comprise the Stokes* law 
force encountered by a single particle, plus a frictional 
force analogous to that experienced by a fluid in passing 
throu^ a fixed bed of particles* 
The resulting equation may be e35)ressed in the form 
Z) = (66) 
where and Z are dlmenslonless groups* 
When applied to spheres sufficiently small to obey 
Stokes* law, K^ and Z have the following significance 
^ i P (28b) 
2Ka t t n\ 
Z - ^ (68) 
The quantity Z may be regarded as a crowding factor in which 
(j)» = 6^ 1 -£ = (1 - (69) 
approaches infinity as the concentration ^ of a suspension 
of spheres approaches zero. In this event 
^ (70) 
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a relation which simplifies to Stokes* law. 
Expressed In the form 
(71) 
where Vg Is the Stokes* law terminal falling velocity of a 
single sphere* £q. (66) permits the determination of both the 
terminal settling velocity Vg of a single sphere and the pro­
portionality factor Kg, from the Intercept and slope of a 
linear plot of the data obtained In sedimentation tests. 
Data were presented which verify Eqs, (66) and (7l)» and 
show Ke to have a value In the vicinity of 
It appears that Eqs. (66) and (71) may be extended to 
the sedimentation of Irregular particles in the Stokes* law 
region by defining lc^ as 
where Is the sphericity of an irregularly shaped particle. 
Experimental verification of this prediction ls« however, yet 
to be carried out. 
The experimental data of Christiansen and Pettyjohn were 
employed in a novel correlation of the falling velocities of 
spheres and isometric polyhedra, in vhioh a factor (1 + P^) 
was utilized to represent the ratio of the total force opposing 
(67a) 
euid Z as 
(68a) 
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the motion of a particle through a fluid, to the force 
3Tr^uD that would oppose its motion were this so slow that 
only viscous forces were effective. By writing 
3TI>^UD(1 + Pa)/V\P = ^ 2^ - P )g 
and plotting P- against  ^P.. a correlation plot was 
obtained which presents P3 as a unique function of . 
When K^ is also plotted against Du p/jcjT// on the same chart, 
it becomes possible to solve problems involving the free fall 
of spheres and isometric pol^^dra (in the absence of spin­
ning) throu^ fluids in the region of both eddying and 
viscous motion. 
It appears that the same correlation should apply to 
the free fall of irregular particles and deformed fluid drop­
lets by ascribing to such particles a sphericity such as to 
make them obey the correlation in the same manner as do solid 
spheres • 
To describe the crowded settling of particle aggregates 
in the technologically iu^ortant region of eddying fall, 
and K^ are defined as 
 ^ * g.) (67b) 
\/iu 
and 
Z = (68b) 
4)3/2 4i'{i +Pg) 
in which the factor (1 + Px0) is intended to serve a purpose 
similar to that of the factor (1 + Pg)# in that it expresses 
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the ratio of the friotlonal resistance due to crowding en­
countered by a fluid in passing throu^ a hypothetical 
expanded aggregate of stationary particles to the resistance 
that would "be encountered if the motion were so slow that the 
Kozeny equation for viscous flow throu^ a fixed bod would 
apply. 
Because a stationary e:}ipanded aggregate can not be 
realized in practice (the particles cannot be fixed in 
position# and their buoyant weight is in consequence added to 
the resistance encountered by the fluid), no direct measure­
ment of the factor (1 + Pjjg) is possible. Its counterpart 
(1 + Pkc) a compact aggregate of granular solids can, of 
course, be determined simply by passing fluid throu^ a re­
strained bed of solids, and has been illustrated in this 
thesis with values computed from data available in the 
literature. 
The kind of expanded particle aggregate that is readily 
realized in practice is that obtained when an unrestrained 
bed of granular solids is fluidized by passing upward through 
it a current of fluid sufficiently strong to lift the par­
ticles and expand the bed to the point where the buoyant 
weight of the bed is Just sufficient to balance the sum of 
the resistance offered to fall of a single particle, plus the 
viscous drag imparted to the particle by the fluid working its 
way through a network of flow passages* 
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Since all of the factors In Eq. (66) are known except 
(1 + Pjjie)* verification of the equation consists in 
ascertaining whether or not the factor (1 + Pxe) 
shown to constitute a quantity capable of correlation in 
terms of some other variable* 
In the present work it has been shown that the modulus 
Dup/(1 - <g serves to correlate values of (1 + %e) 
obtained by fluidizlng spheres between modulus values of .01 
and 10,000 when sufficiently large column diameters are 
employed. In the streamline region (1 + Pjj^) appears to have 
a constant value of between 2.50 and 2.60, and is Independent 
of the modulus Dup/(l - e )j^ up to values of the modulus of 
3*0. Beyond this point (1 + Pje^ ® that fluidlzes in 
the streamline region increases at a rate proportional to about 
the 0.27 power of the modulus. 
Tfl/hen fluidlzation of a bed takes place in the region of 
eddying flow, the plot of (1 + F^) lies above that for beds 
fluidizlng in the streamline regime, but is parallel to it. 
This gives rise to a family of parallel lines Intersecting the 
curve of (.1 + Pg;o^ ^ compact bed at a value of Dup/(l-€.^ 
given by equating the buoyant wei^t of the bed to the pres­
sure drop term in Kozeny's equation modified for turbulent 
flow by the factor (1 + The exact value of Dup/(l-£" 
is then found by means of a graphical solution. 
Althou^ much remains to be done in the way of proving 
79c 
the applicability of the foregoing treatment to irregular 
particles and fluid droplets, there is no reason to believe 
but that similar correlations will prove successful. It 
appears, therefore, that the proposed method affords a 
simple and practical solution for many if not all of the 
numerous problems (many of them of considerable technological 
lnQ)ortance) that are presented by the relative or counter-
current motion of fluids and eixpanded aggregates of 
granular solids or spheres. 
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APPENDIX 
Tabl* 1 
Free-Settling Data and Coj^uted Values 
•CR *Re/^  l ^ s  P 
" 8 Ku •CR •Re  ^ 1 • F, P. 
2070 0.01163 1.003 0.003 0,0117 15.87 1.873 1,239 0,239 2.320 
265.7 0.0918 1.016 0.016 0.0933 4.249 10.24 1,813 0,813 18.56 
38,77 0.6807 1.100 0.100 0.6780 374.0 0,0647 1.008 0.008 0,06524 
1182 0.0204 1.005 0.005 0.0205 194.6 0,1258 1,020 0,020 0,1283 
156 0.1588 1.032 0.032 0.1639 116.6 0,2126 1.033 0.033 0.2196 
41.89 0.623 1.087 0.087 0.6775 52.78 0,4886 1.075 0.075 0.5250 
42.20 0.6203 1.091 0.091 0.6766 29.89 0.907 1.130 0,130 1.025 
8.88 3.82 1.413 0.413 5.399 10.47 3.108 1,356 0.356 4.214 
2.754 19.39 2.225 0.225 43.14 4,377 9.84 1.795 0.795 17,66 
1.174 84.0 4.109 3.109 345,2 1,704 44,57 3.165 2,165 141.0 
25.00 1.096 1.142 0.142 1.251 0.795 184,3 6.105 5,105 1125 
5.997 6.32 1.679 0.579 9.981 3.14 16.01 2,095 1,095 33.53 
2.106 30.21 2.651 1.651 80.08 1.314 70.0 3,833 2.833 268.3 
670 0.0359 1.002 o.ooe 0.0360 0.672 277.3 7.765 6.765 2153 
S46.4 0.0700 1.010 0.010 0.0707 0.478 961 19.14 18.14 18,390 
205*6 0.1201 1.019 0.019 0.1224 0.417 2903 50.44 49.44 146,400 
132 .4 0.1873 1.033 0.033 0.1935 0.448 1446 26.99 25.99 39.030 
90.3 0.2777 1.045 0.045 0.2901 0.427 4188 74,51 73.51 312,100 
65.65 QW3884 1.062 o.oea- 0.4126 0.471 11290 221.6 220.6 2,602,000 
49.28 0.5246 1.077 0.077 0.5651 0.407 8156 138.3 137.3 1,128«000 
38.45 0.686 1.099 0.099 0.7539 0.452 21900 412.6 411.5 9,033,000 
31.18 0.868 1.128 0.128 0.9788 0»458 22640 432.0 431.0 9,781,000 
21.53 1,315 1.180 0.180 1.551 0.472 11470 225,6 224.6 2.587,000 
^iValues taken from Peti^olm and Christiansen (25) 
8'6 
T«ibl« Z'. 
Litaratur* Data on Flew Through Conqpaoted B«da and Caleulatad Valuas of K(1 i 
Brownull tt Cawnan 
^•-Pd. 'r Ra (i- el 
• Ra 
6(1-e) V 
fia 
(1- e ) 
177 10 0.298 17 4.98 0.01 SCO 0.06 5.00 
100 20 0.1664 84 6.62 0.10 60.0 0.60 6.00 
86 80 0.1406 61 7.18 1.00 6.00 6.00 6.00 
70 40 0.1167 68 7.94 2.80 2.08 16.00 6.18 
62 60 0.1028 88 8.71 4.08 1.48 24.48 6.88 
68 80 0.0960 lOK 9.78 6.88 1.00 40.98 6.88 
60 80 0.0827 186 11.26 10.00 0.781 60.00 7.81 
46 loo 0.0744 170 12.66 21.90 0.614 181.4 11.26 
87 200 0.0612 840 20.8 62.2 0.872 818.2 19.42 
82 800 0.0629 610 27.0 100.0 0.806 600 80.6 
28 400 0.0164 680 81.6 208 0.268 1248 62.6 
26 800 0.0418 1020 42.1 498 0.209 2988 104.1 
22*6 1000 0.0872 1700 68.2 1000 0.186 6000 186.0 
20 2000 0.0881 8400 112.6 8800 0.168 22,800 681.4 
18.7 3000 0.0809 6100 167.7 
17.6 4000 0.0291 6800 198.0 
117*0 6000 0.0281 8600 289.0 
4frotei Data of Brom&^l at al« 
• LbTC 
ikPAP 
e m 0.412 
n. • P"P 
"•aod» 
R« . K*w>d» 
WT7 
*JJot0t Valuaa piokad from 
eerralatlng ourra of Caraaa 
APgP e* 
" SL pul^U " € ) 
K(l •Fjo) - f e) 

T*bl« 2 
igh Coiqpaotad Bedi and Caleulatad Valuas of K(l *• and E«/(l - ^  ) 
Canaan Burka an<] niiMwr 
77 • R* 
V 
fie 
(1- € ) 
• MS 
pv 
•0 fie 
Ti-n 
KU^-Ko) 
1 0.01 600 0.06 6.00 0.2 0.000277 8000 186.0 
0.10 60.0 0.60 6.00 0.3 0.000277 1998 90.6 
1 1.00 6.00 6.00 6.00 0.6 0.000286 1200 66.0 
f 2.60 2.08 16.00 6.18 0.7 0.000296 868 41.4 
4«08 1.48 24.48 6.85 0.9 0.000806 667 88.4 
1 6.88 1.00 40.98 6.88 2.0 0.00878 800 18.68 
10.00 0.781 60.00 7.81 4.0 0.000488 160 11.90 
21.90 0.614 181.4 11.26 6.0 0.000671 100 9.86 
62.2 0.872 818.2 19.42 8.0 0.000668 76.0 8.12 
100.0 0.806 600 80.6 10.0 0.000768 60.0 7.44 
208 0.268 1248 62.6 20.0 0.00127 80.0 6.28 
498 0.209 2988 104.1 40.0 o«ooeii 16.00 6.18 
1000 0.186 6000 186.0 60.0 0.00800 10.02 4.90 
S800 0.168 22,800 681.4 80*0 0.00400 7.60 4.91 
100.0 0.00611 6,00 6.02 
«Botet Valuas piokad from «irot«t Value* pleked fron eonrelatlng 
eorrelating ourre of Canaan ourre of Burice and Fit 
' -ape® 
8 
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T*bl« 9 
I)»tii wad C«loulftted for PeraMiblllty Teats on Glass Sphoros ulth 80. P«r Cent Glyc 
Mesh 
Bun # Retained 
"BeSTHeTgE^ 
(«*•) 
1 - e 
(Poisos) 
iT TTK 
(eatc/soo*) (ea*) 
66-1 20 14.86 0.6996 0.826 oao74 0.2980 166.1 6.10 
66-8i « m • 0.826 Ml 0.2420 189.6 6.14 
66-S • • • 0.826 • 0.1862 104.6 6.14 
66-4 • n • 0.826 n 0.1890 104.6 6.07 
66-6 m n 0.826 m 0.2622 189.6 6.06 
66-6 n • 0.826 n 0.801 166.0 6.06 
S - 0,090e9 on, 
i m 2«629 gia«/oe* 
W » 75.0M0 pi. 
Le "* 9.67 OB. 
66-1 28 16.08 0.6040 0.848 0.1029 0.1878 166.2 4.86 
66-2 n • 0.848 0.1144 189.7 4.92 
66-8 m « • 0.846 • 0.0860 104.7 4.90 
66-4 ,n 0.848 « 0.0874 104.7 4.80 
66-6 n « « 0.860 « 0.1160 189.7 4.84 
66-6 .m m m 0.860 m 0.1879 166.2 4.81 
. D • 0.06686 OB. W • 81.6144 01. 
£ • 2.680 pi./oo« l o - 10.60 OB. 
69-1 86 16.90 0.6068 0.424 0.1012 0.0521 166.7 5.07 
69-2 M n • 0.426 « 0.0485 140.2 5.10 
69-8 » n m 0.426 «k 0.0S24 106.2 5.12 
69-4 m N m 0.422 • 0.0440 140.2 5.06 
Fft—K OV*P m « m 0.421 H 0.0621 166.7 6.10 
69-6 m • • 0.421 0.0828 106.2 5.12 
6 
0.0469 _ 
2 .667 pi./oo • 
W - 82.0626 pi. 
" X0.4A Oflii. 
For all runst p « 1.206 pia/oo. 
D. •* 1.94 oou 1 « 2.966 on** 

87. 
Tftbl* S 
'alu«« for PemweMllty Toats on Olasa Sphoroa with 80. Por Cont Olyoerol £>olutlon 
Bolghi 
«•) 
H
 1 
(Polaoa) 4> 
u 
(eBv/aeo,) 
Ah 
(o*,) U  - e ;  
1.85 0.6996 0.826 0,1074 0,2980 166,1 6.10 0,1661 
M • 0«SX6 » 0,2420 189,6 6,14 0,1849 
• • 0«S86 • 0,1862 104,6 6.14 0,1041 
II • 0.626 * 0,1890 104,6 6,07 0.1067 
II • 0,626 • 0,2622 189,6 6,06 0.1410 
• II 0.626 » 0,601 166,0 5,06 0,1681 
W - 76.0660 sn. 
u/ee. Le "• 8,67 cnt. 
(•08 0.6040 0,648 0,1029 0,1676 166,2 4,86 0,0619 
• • 0,648 « 0,1144 189.7 4,92 0,0482 
• « 0,646 0,0860 104,7 4.90 0,0826 
• 0,648 • 0,0874 104,7 4.80 0,0884 
m « 0,660 • 0.1160 189.7 4.84 0.0481 
m N 0.660 « 0.1679 166,2 4,81 0.0617 
OU w - 81.6144 et. 
••/oo» to - 10,60 «•* 
5.90 0,6068 0.424 0,1012 0.0521 166.7 5.07 0.01122 
0,426 « 0.0485 140,2 5.10 0;00930 
0,426 • 0.0324 106,2 5.12 0;00698 
« • 0,422 • 0,0440 140,2 5,06 0.00950 
« • 0,421 « 0,0621 166,7 6,10 0,01129 
• • 0,421 • 0,0628 106,2 5,12 0,00710 
ea* W - 88,0626 01, 
t o - 10,41 «m. 
806 
94 , 

88 
Table « 
Data and Calculated Valuea for Fluldicatlon of 20 Mesh Bar 
Run # 
Bed Height 1-e Ah* 
*u u We (o*«) (Poiaea) (cm. H^O) (omv/aeo.) 
TOA^Zl 6.44 0.5994 0.009046 6.66 0.2678 0.630 mm 
7QA>-20 6.60 0.6848 0.008976 6.56 ON. 0.2948 1.046 imm 
7Qi^ l9 6,74 0.6727 0.008956 6.61 0.5188 1.163 mm 
70A^18 7.15 0.6599 0.008922 6.70 821 0.5921 1.667 34.S 
lOJhfVr 7.77 0.4968 0.008900 6.94 824 0.6097 1.988 40.( 
70A-16 8.62 0.4478 0.008915 7.11 821 0.6809 2.459 44.( 
70^^16 9.22 0.4187 0.009006 7.24 806 0.8070 2.815 
"
i 00 -* 
7QA-U 10*27 0.5769 0.009011 7.46 804 1.056 5.46 66.; 
70A-1S 11.07 0.5487 0.009011 7.61 804 1.217 5.84 68.1 
70A-12 12.82 0.5^1 0.009011 7.80 804 1.622 4.64 64.1 
70AI-11 15.52 0.2520 0.009056 8.55 801 2.220 6.46 72.! 
70i^ l0 20.22 0.1909 0.009050 8.99 80S 5.429 6.74 83.; 
7QAr- 9 24.82 0.1666 0.009015 9.44 804 4.687 7.66 89. 
7QAF- 8 29.92 0.1290 0.009006 9.88 806 6.881 8.20 94. 
lOh-.l 55.12 0.1100 0.008989 10.22 811 7.201 8.76 98. 
70iU 6 45.12 0.0866 0.008980 10.75 811 9.781 9.60 106. 
7QA  ^ 6 65.12 0.0727 0.008966 11.05 812 11.85 9.99 110. 
70A- 4 62.92 0.0615 0.008946 11.50 817 14.58 10.58 111. 
7G4- S 72.12 0.0656 0.008900 11.48 824 16.76 10.69 114. 
70Af- 2 85.62 0.0461 0.008880 11.65 830 20.22 11.09 118, 
70Ji^  1 105.62 0.0S75 0.008860 11.67 351 24.86 11.69 122, 
D • 0.09029 en. « 2 .629 .^/oe • Computed Ah • 6 .50 OB. %0 
Do - 2.605 OBU I-o • S.868 on. % Free Fall Velooity Variation f rom 
A • 6.55 on. P " 0.997 ga./oo • 
W - 64.0605 
«Notet The loner preasure tap naa looated below -ttie aoreen aupport and ologging of the sci 

Tabl* 4 
e« for Fluidizatlon of 20 Mosh Barium Glass Spheres in Iftiter 
u 
(om./seo.) 
We 1 • F, ReAl -
0,2678 0.830 (4.65) 13.78 
0.2948 1.045 —• (4.79) 17.89 
0.3188 1.153 — (4.96) 20.29 
0.3921 1.557 34.2 2.83 96.8 4.15 29.15 
0.6097 1.988 40.0 3.03 121.2 4.48 40.52 
0.6809 2.439 44.6 3.16 140.9 5.19 57.46 
0.8070 2.813 48.3 S.28 158.4 5.42 67.06 
1.036 8.45 56.S 8.48 192.4 5.73 98.0 
1.217 3.84 58.8 3.57 209.9 6.15 109.8 
1.622 4.54 64.9 3.74 242,7 7.02 150.8 
2.220 5.45 72.9 3.95 288.0 7.81 216.8 
3.429 6.74 83.1 4.19 348 9.38 352 
4.587 7.55 89*4 4.53 387 10.69 486 
5.881 8.20 94.1 4.44 418 12.15 686 
7.201 8.76 98.5 4.54 447 13.28 797 
9.781 9*60 105,2 4.67 491 14.87 1125 
11.83 9.99 110.8 4.79 531 15.04 1418 
14.38 10.38 111.2 4.80 534 18.88 1708 
16.75 10.69 114.6 4.89 560 19.27 2028 
20.22 11.09 118.0 4.94 583 21.18 2499 
24.85 11.59 122.0 5,02 612 22.18 8158 
iputed Ah • 6«30 cm* B^O 
'ree Fall Velocity Variation f rom Computed Value « -2*66 
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table 5 
Data and Caloulated Values for Sedimentation of 20 
Run # 
Bed Hei^ t 1-6 
(OBI.) (Poises) 
Ku 4>. u 
(OB./BEO 
70B-16 9.42 0.4096 0.009070 794 0.8490 2.280 37.8 
70B-16 11.92 0.8287 0.008988 810 1.410 8.91 57.9 
70B-U 18.62 0.2888 0.009048 800 1.806 4.29 69.6 
70B*1S 16.12 0.2898 0.008982 811 2.407 5.00 65.9 
70B-12 19.82 0.1947 0.008988 820 8.828 6.00 76.1 
70B-11 24.12 0.1600 0.009026 808 4.484 6.90 81.8 
70B-10 28.62 0.1848 0.009000 806 6.489 7.87 85.8 
70B» 9 86.12 0.1099 0.008988 811 7.288 8.92 100.2 
70B- 8 44.62 0.0866 0.008962 812 9.582 9.58 104.8 
7QB- 6 64.62 0.0706 0.008968 815 12.16 9.68 103.1 
70B» 5 64.62 0.0597 0.008987 820 14.78 11.10 119.0 
70B« 4 72.62 0.0581 0.008988 810 16.57 11.77 124.8 
?<»- 7 84.62 0.0456 0.008945 817 19.78 11.77 124.1 
70B> 2 105.62 0.0872 0.008902 824 26.05 12.60 131.0 
D - 0.09029 om. 
2.608 om.^  
1 • 6.88 OM.^ 
W • 64.0608 ga. 
i • 2.629 8B./oe« 
1« - 8.856 om. w 
P - 0.997 0B./oOa 
% Free Fall Velooity Variation from Computed Value - -2,66 

Tftbl* 5 
at«d Values for Sedimentation of 20 Mesh Barium Glass Spheres in Water 
0.8490 2.280 37.8 2.96 115.2 7.67 64.4 
1.410 3.91 67.9 3.56 205.5 7.36 120.7 
1.806 4.29 69.6 3.59 214.0 8.87 160.0 
2.407 5.00 66.9 3.77 248.4 10.28 209.0 
S.S28 6.00 76.1 4.00 300 11.50 310 
4.484 6.90 81.8 4.16 339 12.71 433 
6.489 7.37 86.3 4.24 362 14.30 642 
7.28S 8.92 100.2 4.56 467 12.87 819 
9.582 9.63 104.8 4.68 490 14.71 1100 
12.16 9.63 103.1 4.62 476 19*99 1349 
14.73 11.10 119*0 4.97 591 14.14 1866 
16.57 11.77 124.8 6.08 634 11.68 2187 
19.78 11.77 124.1 6.04 626 15.23 2674 
26.05 12.60 131,0 6.20 681 13.66 3411 
A# • *2^66 
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Tabl* 6 
D«tft and Caloul«t«d Valu«a for Fluldlsation of 28 Mes! 
Run# 
Bad Hai^ t 
(o».) 
u
) 1 H 
(Poisas) 
Ah 
(om. £^0) 
<)>. tt ] 
(om./Beo.) 
7U>-24 14.72 0.6019 0.008964 6.04 0.2633 0.2360 
7U-28 14.80 0.6986 0.008977 10.97 0.2691 0.413 
71A-22 14.87 0.6968 0.008961 13.80 — 0.2789 0.666 
7U*»21 16.02 0.6899 0.008940 14.23 — 0.2861 0.616 
7Ui-20 16.14 0.6862 0.008940 14^28 w 0.2941 0.647 
71A-19 16.38 0.6761 0.008947 14.28 — 0.3319 0.685 
71A^18 16.62 0.6672 0.008960 14.46 316. 0.3302 0.760 
71ii-17 16.62 0.6831 0.008970 14.60 316. 0.4089 1.009 
7U-16 18.17 0.4876 0.008966 14.83 316. 0.6586 1.317 
71A-16 19.62 0.4616 0.008964 14.83 316. 0.6669 1.648 
71i<-14 21.67 . 0.4108 0.008961 14.92 316. 0.8462 2.073 
TlAclS 23.62 0.3761 0.008948 14.97 316. 1.041 2.378 
7U-12 26.77 0.008947 16.02 316. 1.262 2.824 
7U»-11 28.62 0.8^66 0.008881 16.06 321. 1.640 3.28 
71ib-10 S1.62 0.2802 0.008822 16.16 826. 1.849 3.71 
TIAi- 9 34.82 0.2646 0.008842 16.22 324. 2.184 4.08 
7Uf 8 42.62 0.2079 0.008918 16.42 318. 8.018 4.67 
7U- 7 60.22 0.1764 0.008969 16.62 316. 3.846 6.16 
71A  ^ 68.62 0.1614 0.008968 16.62 316. 4.766 6.67 
71A- 6 64.42 0.1376 0.008947 16.62 316. 6.410 6.84 
7Uf 4 72.32 0.1226 0.008980 16.66 318. 6.286 6.16 
71iP- S 80.62 0.1099 0.008918 16.70 318. 7.209 6.44 
71A- 2 87.62 0.1011 0.008904 16.70 319. 7.992 6.62 
TIA  ^ X 97.82 0.0906 0.008864 16.70 322. 9.128 6.92 
D - 0.06686 OM. W • 124.0888 gn. P " 0.997 @B./oo. Computed 
De - 2.608 ea. s • 2.680 gn./oo. Praa Fall Valooity Variation fr 
A - 6.88 OB.^  h, - 8.862 on. 

Table 6 
I for Fluidlzatloa of 28 Mesh Barium Glass Spheres in Water 
cj>» 
(om./8eo«) 
VE 1  • P ,  Re/(1-
0,26S3 0.2360 (3.98) 2.871 
0.2691 0.413 i — (4.26) 5.05 
0.2789 0.555 -(I. (4.16) 6.83 
0.2861 0.615 — — — (4.03) 7.66 
0.2941 0.647 — — -- (4.00) 8.13 
0.3319 0.685 
— — (4.35) 8.70 
0.3302 0.760 12.87 1.980 25.48 3.71 9,82 
0.4089 1.009 15.80 2.12 33.5 3.64 13,84 
0.5586 1.317 18.81 2.26 42.3 3.90 19,77 
0.6659 1.648 22.00 2.39 62.6 3.97 26,71 
0.8452 2.073 25«78 2,63 66.2 4,09 37,0 
1.041 2.378 27.97 2.62 73.3 4.52 46,6 
1.262 2.824 31,6 2.74 86.6 4.64 60,3 
1.540 3.28 35.2 2.87 101.0 4,82 62,3 
1.849 3.71 38.3 2.97 113.8 5.12 98.3 
2.184 4.03 37.8 2.95 111,6 6,16 110,6 
s.oia 4.67 43.4 3.13 135.8 6,34 166,6 
S.846 5.16 46.0 3.21 147.7 7.00 214.9 
4.766 6.57 48.1 3.27 167.8 7.80 269.6 
5.410 5.84 49.6 3.32 164,7 8,26 311 
6.286 6.15 51.6 3.37 173,9 8,77 370 
7.209 6.44 53.2 3.42 181,9 9.23 431 
7.992 6.62 54.4 3.46 188,2 9,59. 484 
9.128 6.92 56.5 3.52 198,9 9,96 667 
>•997 gB«/oo« Computed Ah • 14*49 om. H^O 
Fall Velooity Variation from Computed Value • -1421 
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Table 7 
Data and Calculated Values for Sedimentation of 28 li 
Bed Height 
(oa.) 
1 - 6  
(Poises) 
u 
(cm./seo.) 
R.4 
71B-22 16,62 0.5381 0.008960 316 0.4092 0.910 14.28 
71B-21 17.62 0.5028 0.008962 816 0.4911 1.052 15.51 
71&-20 18.62 0.4768 0.008976 814 0.6769 1.480 19.98 
71B-19 19.62 0.4689 0.009020 812 0.6666 1.680 20.38 
71B-18 20.42 0.4889 0.009060 808 0.7838 1.810 28.18 
71B-17 21.52 0.4117 0.009136 804 0.8440 1.960 23.96 
71B-16 zz.n 0.8891 0.009010 812 0.9652 2.20 26.16 
71B-16 24.92 0.8555 0.009048 810 1.172 2.69 29.20 
71B-14 29.92 0.2961 0.008962 816 1.686 3.41 35.4 
71B-15 34.62 0.2567 0.008922 818 2.162 3.98 39.4 
71 .^12 89.62 0.2242 0.008980 814 2.688 4.42 41.6 
71B-11 44.62 0.1986 0.008940 817 8.200 5.00 45.9 
71B-10 49.92 0.1775 0.008948 816 8.858 6.10 45.4 
TIB- 9 66.62 0.1512 0.008947 816 4.774 6.84 50.5 
71B- 8 68.62 0.1291 0.008947 816 6.822 6.13 61.8 
'71B- 7 68.62 0.1291 0.008969 816 5.822 6.26 62.6 
TIB- 6 68.62 0.1291 0.008962 316 5.822 6.19 52.1 
71B- 4 79.62 0.1118 0.008981 814 7.040 6.56 54.0 
71B- 8 90.12 0.0988 0.008980 814 8.200 6.67 64.1 
71B- 1 104.22 0.0850 0.009008 812 9.714 7.06 56.3 
D - 0.06686 oa. 
Do - 2.608 om. 
A • 6.88 oa.* 
W - 124.0888 
S m 2.680 en./oo. 
Lo - 8.852 oa. 
p - 0.997 gni*/oo. 
% Free Fall Velocity Variation rom Coaputed Value - -1.21 

Tabl« 7 
Lated Values for Sedimsntatlon of 28 Mssh Boriiim Glass Spheras in Watar 
4>' u 
(om./seo.} 
E.4 1  + F .  (1 • Ra/d . 
0.4092 0.910 14.28 2.05 29.27 4.09 12.51 
0.4911 1.052 16.51 2.10 32.6 4.47 16.88 
0.6769 1.480 19.98 2.80 46.0 8.87 22.00 
0.6666 1.680 20.88 2.82 47.8 4.26 24.61 
0.7888 1.810 28.18 2.44 66.6 8.98 80.1 
0.8440 1.960 28.96 2.47 59.2 4.81 84.8 
0.9652 2.20 26 a6 2.56 66.7 4.62 41.8 
1.172 2.69 29.20 2.66 77.7 4.66 68.1 
1.686 8.41 86.4 2.88 102.0 6.07 84.6 
2.162 8.98 89.4 8.01 118.6 5.47 114.5 
2.688 4.42 41.6 8.07 127.7 6.02 144.1 
8.200 5.00 46.9 8.21 147.8 5.92 188.6 
8.868 6.10 45.4 8.19 144.8 7.27 212.6 
4.774 6.84 60.5 8.85 169.2 6*96 288.9 
6.822 6.18 61.8 8.87 174.6 7.94 847 
6.822 6.26 52.6 8.40 178.8 7.54 852 
6.822 6.19 52.1 3.39 176.6 7.74 849 
7.040 6.56 54.0 8.45 186.8 8.84 428 
8.200 6.67 54.1 8«45 186.6 9.68 492 
9.714 7.06 56,3 3.51 197.6 9.76 598 
Lue • -1921 
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T«bl« 8 
Data and Caloulatad Values for Fluldleation of 35 Ifei 
Bad Height r^Te ZH S 
Runii!: (om«) (Poisaa) (on. HgO) (oni./8ac.) 
72i^  1 14.62 0.6944 0.008902 9.26 •M. 0.2767 0.2062 
72JH 2 14.62 0.6944 0.008916 12.21 0.2767 0.2720 
72A  ^ 3 14,82 0.6864 0.008924 15.80 •>- 0.2918 0.882 
72A  ^ 4 16.22 0.5710 0.009516 15.72 0.5222 0.890 
72A- e 16.56 0.5685 0.009402 18.72 98.9 0.5490 0.460 
72A- 6 17.27 0.5082 0.009285 18.89 101.5 0.4905 0.690 
72js- 7 18.87 0.4606 0.009180 18.97 105.0 0.6521 0.955 
72iU. 8 21.47 0.4048 0.008942 14.00 109.6 0.8752 1.221 
72ir- 9 22.97 0.5788 0.008861 14.08 111.8 1.022 1.507 
72A^10 24.22 0.5588 0.008911 14.08 110.0 1.146 1.762 
72iU-ll 28.72 0.5062 0.008956 14.20 109.8 1.607 2.205 
72i^ l2 84.82 0.2682 0.008895 14.28 110.6 2.208 2.814 
72ii-15 44.02 0.1974 0.008881 14.42 111.1 8.268 5.52 
72ii-14 65.22 0.1655 0.008861 14.68 111.8 4.287 8.64 
72ii-16 66.90 0.1299 0.008996 14.88 108.0 6.828 8.96 
78ii-16 76.02 0.1148 0.008942 14.96 109.6 6.864 4,17 
nk'll 82.62 0.1052 0.009046 15.08 106.9 7.611 4.31 
72A-18 92.62 0.0958 0.009028 15.08 107.2 8.755 4.47 
72ib-19 101.92 0.0855 0.009028 15.18 107.2 9.809 4.61 
D • 0.04690 OB. W - 125.4500 m. P • 0.997 git./oo. 
Do " 2.608 OBI. 8 - 2.667 gp./oo. CoBputed Ah • 14.50 om. 
A! - 6.88 OB. Lo « 8.684 OA. % Free Fall Veloeiiy Var 

Tftbl* 8 
'or Fluldlcation of S5 Itosh Bftrlum Glass Spheres in Water 
<:}>• u 
(om./8eo.) 
H*/e 1 • K Re/(1 -
0,2767 0.2062 (3.44) 1.778 
0.2767 0.2720 — — — (3.70) 2.347 
0*2918 0.382 — — — (3.74) 2.899 
0.5222 0.390 — — »- (3.73) 3.34 
0.S490 0.450 4.94 1.498 7.40 3.23 3.91 
0*4905 0.690 6.84 1.632 11.16 3.24 6.40 
0.6521 0.953 8.85 1.756 15.63 3.19 10.36 
0.8752 1.221 10.50 1.850 19.43 3.76 15.44 
1.022 1.507 12.50 1.960 24.50 3.55 20.54 
1.146 1.762 14.10 2.03 28.62 3.31 25.20 
1.607 2.203 16*16 2.13 34.5 3.74 36.9 
2.20S 2.814 19.40 2.27 44.0 3.78 57.2 
S.263 3.32 21.25 2.35 49.9 4.70 86.4 
4.287 3.64 22.42 2.40 53.8 5.49 114.9 
6.828 3.96 23A6 2.44 56.5 6.47 155.1 
6.864 4.17 24.06 2.47 59.4 7.17 186.4 
7.611 4.S1 24.42 2.48 60.6 7.23 207.7 
8.765 4.47 24.98 2.60 62.5 7.84 241.4 
9.809 4.61 25.51 2.52 64.3 8.24 273.5 
p • 0.997 gn./oo« 
puted « 14»50 om* ^0 
ree Fall Veloolty Variation from Computed 7alue • -1*21 
i 
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Tabl« 9 
Data and Caloulated Values for Sedimetitation of 38 I 
Run# 
Bed Haight 
(om» ) 
l - £  M (POIBOS) 4 "  u (om./seo.) We 
72B-21 17.67 0.4946 0.008931 ioe.8 0.6162 0.716 7.34 
72B-20 18.62 0.4667 0.008986 108.2 0.6084 0.870 8.81 
72B-19 19.72 0.4407 0.009008 108.0 0.7127 1.069 9.71 
72B-18 20i67 0^4204 0.009112 106.2 0.7870 1.168 10.08 
72B-17 21.72 0^4001 0.009175 108.9 0.9000 1.808 10.50 
72B-16 22.62 0.8842 0.009286 102.7 0.9828 1.896 11.20 
72B-15 24.72 0.3516 0.009198 103.4 1.200 1.661 12.70 
72B-14 26.62 0.8264 0.009070 106.2 1.894 1,661 18.88 
72B-15 80.22 0.2876 0.008968 108.2 1.760 2.196 16.69 
72B-12 86i02 0.2481 0.008996 108.0 2.266 2.680 18.15 
72B-11 89.22 0.2216 0.009010 107.6 2.727 2.940 19.19 
72B-10 44.72 0.1948 0.009068 106.7 8*848 8.18 19.97 
72B- 9 49 a2 0.1769 0.008988 108.2 8.766 8.61 21.80 
72B- 8 56.62 0.1588 0.008958 109.0 4.647 8.80 22.98 
72B- 7 64.62 0a346 0.008920 109.8 6.489 4.04 24.00 
72fi- 6  76.82 0.1146 0.008888 111.1 6.886 4.21 24.48 
72Bi* 6  86.12 oaoo9 0.008880 111.1 7.906 4.42 25.39 
72»- 4 98.12 0.0886 0.008962 108.8 9.201 4.51 25.35 
72B- 9 98.12 0.0886 0.008968 109.1 9.201 4.66 25.55 
72B- 2 98.12 0.0886 0.008965 109.0 9.201 4.66 26.55 
72B- 1 98.12 0.0886 0.008861 111.8 9»201 4.76 29.98 
D « 0*04690 oa. W • 128.4500 aa. P " 0.997 .^/oo. 
®O " 2.608 6 « 2.667 eB./oo. % Free Fall Velocity Vara 
• - 5.88 OBI. - 8.684 om. 

Table 9 
ated Values for Sedimentation of 36 Mssh Barium Glass Spheres in Water 
, We 1 + P. K V(1 • F^e^ R«Ai -
(om./seo«; 
0.5162 0.716 7.34 1.660 12,18 3,43 7.49 
0.6084 0.870 8.31 1.720 14.29 3.44 9.48 
0.7127 1.069 9.71 1.804 17.62 3,32 12.36 
0,7870 1.156 10.08 1.856 18.60 3.38 13.75 
0.9000 1.8P8 10,60 1.862 19,45 3.62 15,76 
0.9628 1.896 11.20 1.885 21.11 3.58 17.89 
1.200 1.661 12.70 1.965 24.96 3.71 23,48 
1.894 1.861 13.88 2.030 28.18 3.64 28,70 
1.760 2.196 15.69 2.110 33.1 4.21 38,8 
2.266 2.680 18.16 2.230 40.5 4.21 54.7 
2.727 2.940 19.19 2.270 43.6 4.66 67.3 
SkS48 3.16 19.97 2.300 45.9 5.09 83.0 
3.766 3.61 21^80 2,380 51.9 4.86 100.0 
4.647 3.80 22.93 2.430 55.7 5.40 126,0 
6.489 4.04 24.00 2.470 59.3 6.78 152.5 
6.886 4.21 24.48 2.480 60.7 7.09 190.3 
7.906 4.42 25.39 2.520 64.0 7.34 223.5 
9.201 4.51 25.35 2,520 63.9 • 8.15 256.3 
9.201 4.65 25.55 2.530 64.6 8.00 258.3 
9.201 4.66 25.55 2.530 64.6 7.99 268.3 
9^201 4.76 29.98 2.680 80.3 4.75 303.1 
P • 0.997 ffa, •/eo« 
% Free Fall Velocity Variation from Confuted Value • ••1*21 
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Table 10 
Data and Caloulated Values for Fluidlcation of 48 Me 
Bun # 
Bed Eel^t 1 - S Ah u 
(ea«) (Poises) (oa. B^O) (om./see.) 
781^22 14.47 0.6960 0.009120 14.03 0.2766 0.1612 
7SA^2S 14*97 0.6762 0.009120 14.03 0.3190 0.1916 
78A-19 16.70 0.6484 0.009120 14.20 44.8 0.3718 0.2768 
78A^18 16,62 0.6212 0.009113 14.31 44.9 0.4398 0.860 
78Ai-17 17.37 0.4967 0.009106 14.87 44.9 0.6130 0.420 
7SA-16 18.47 0.4662 0.009090 14.48 46.1 0.6111 0.688 
7SJI^16 19.62 0.4388 0.009074 14.47 46.3 0.7176 0.641 
7SA-14 20.62 0.4196 0.009042 14.47 46.7 0.8029 0.724 
7Sh»lZ 22.67 0.3916 0.009010 14.49 46.9 0.9770 0.907 
7SiAF-12 24.17 0.5662 0.008990 14.62 46.2 1.164 1.041 
7S^-11 27.77 • 0.3100 0.008962 14.60 46.4 1.636 1.294 
78if-10 80.12 0.2869 0.008926 14.62 46.8 1.783 1.448 
78A^ 9 34.87 0.2469 0.008930 14.70 46.7 2.297 1.720 
7SA^ 8 40.47 0.2128 0.009012 14.88 45.9 2.912 1.961 
73JU- 7 46.47 0.1894 0.008996 14.91 46.1 3.469 2.138 
78ip 6 61.72 0.1666 0.008984 16.00 47.2 4.172 2.199 
7SA^ 5 69.77 0.1441 0.008961 16.11 46.6 6.084 2.411 
7SA(- 4 69.82 0.1288 0.008980 16.08 46.7 6.234 2.642 
78A- S 78.22 0.1101 0.008920 16.16 46.9 7.193 2.782 
7SA^ 2: 88.87 0.1027 0.008906 16.16 47.0 7.889 2.874 
78A.- 1 98.82 0.0918 0.008888 16.11 47.3 8.986 3.00 
D • 0.08446 oa. i • 2.6706 ©a./oo. Free Fall Velocity Vai 
®a • 2.608 «m.. L. - 8.616 
1- 6.33 em.* p - 0.997 ga./eo. 
W - 122.6196 Computed Ah < • 14.41 om. 1^0 

Tftbl* 10 
'luidlsation of 46 Mash Barltim Glass Spheres in Water 
>» u 
(cm./seo«) 
Re/G^ 1 + F .  W(i -
2756 0.1612 • - (4.00) 1.020 
5190 0.1915 i — (4.09) 1.252 
5718 0.2758 2.302 1.280 2.947 3.38 1.896 
4898 0.360 2.838 1.329 3.77 3.19 2.607 
61S0 0.420 3.14 1.355 4.25 3.32 3.20 
6111 0.558 3.81 1.412 5.38 3.18 4.37 
7176 0.641 4.35 1.455 6.33 3.21 5.56 
8029 0.724 4.74 1.484 7.03 3.28 6.56 
9770 0.907 5.59 1*543 8.63 3.26 8.84 
164 1.041 6.19 1.588 9 .193 3.42 11.20 
5S6 1.294 7.19 1.653 11.89 3.69 16.00 
785 1.443 7.79 1.690 13.17 3.85 19.45 
,297 1.720 8.79 1.760 15.38 4.09 26.81 
,912 1.951 9.45 I;790 16.92 4.47 35.0 
,469 2.138 10.07 1.830 18.43 4.77 43.1 
,172 2.199 10.10 1.830 18.48 5.92 50*6 
»084 2.411 10.80 1.870 20.20 6.20 64.1 
>234 2.642 11.60 1.910 22.16 6.61 82.5 
.198 2.782 12*03 1.935 23.28 7.05 97.3 
»889 2.874 12.37 1.950 24.12 7.25 108.1 
•985 3.00 12.80 1.975 25.28 7.73 126*6 
?ree Fall Yelooity Variation from Computed Value • *6«08 
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Imblm 11 
Duta and Conputed Values for Sedinentation of 48 Me 
Bed Height 1 • e Ji- 4,» u 
Run # (om») (Poises) II (om./seo .) 
7SB-19 16.72 0.6150 0.008902 47.0 0.4567 0.2890 2.300 
78B«18 17.72 0.4859 0.008902 47.0 0.5459 0.404 5.05 
7SB-17 18.62 0.4624 0.008902 47.0 0.6250 0.484 5.47 
78B-16 19.72 0.4566 0.008900 47.0 0.7270 0.594 4.07 
78B-15 20.83 0.4155 0.008904 47.0 0.8528 0.685 4.60 
78B-14 21.70 0.5968 0.008910 46.9 0.9171 0.770 4.91 
78B-1S 25.47 0.5669 0.008922 46.8 1.092 0.901 5.49 
78B-12 26.62 0.5247 0.008954 46.5 1.404 1.151 6.42 
75&-11 29.22 0.2947 0.009000 46.0 1.688 1.506 7.08 
75B-10 52.12 0.2681 0,009087 45.1 1.998 1.479 7.65 
78B<- 9 54.62 0.2487 0.009068 45.5 2.270 1.650 8.22 
78B- 8 44.82 0.1921 0.009090 45.1 5.598 2.085 9.75 
7«B- 7 56.62 0.1521 0.009070 45.5 4.726 2.596 10.70 
79B- 6 67.92 0.1268 0.009056 45.7 6.015 2.667 11.61 
7SB- 5 76.82 0.1121 0.009012 46.9 7.055 2.727 11.70 
73B- 4 88.22 0.0976 0.009027 45.7 8.545 2.899 12.22 
7aB^?2 96.62 0.0991 0.008800 48.1 8.572 2.941 12.61 
7SB- 1 96.62 0.0991 0.008840 47.7 8.572 5.029 12.94 
7S»- S 97.42 0.0884 0.009050 45.6 9.400 2.941 12.26 
D • 0.05445 OK. 
®O - 2.605 OK. 
A - 6*55 om.* -
W • 122«6196 
£ • 2*6706 gi»/oo* 
Lo " 8.616 em. 
p • 0«997 gpi«/oo» 
Free Fall Velocity Variation from Computed Value • -5.08 

11 
ilues for Sedimentation of 48 Mesh Barium Glass Spheres in Water 
T* 7"^^ , 1 K Ke d • Fxe^ W(i - e) 
(oa«/see»} 
0.4567 0.2890 2.300 1.280 2.944 4.87 2.166 
0.5489 0.404 3.08 1.346 4.08 8.86 8.21 
0.6260 0.484 8.47 1.384 4.80 5. SO 4.08 
0.7270 0.594 4.07 1.480 5.82 8.68 5.25 
0.8528 0.685 4.60 1.467 6.60 8.74 6.89 
0.9171 0.770 4.91 1.497 7.35 8.69 7.46 
1.092 0.901 6.49 1.640 8.45 8.81 9.47 
1.404 1.181 6.42 1.604 10.30 8.96 18.86 
1.688 1.806 7.08 1.647 11.66 4.09 16.94 
1.998 1.479 7.65 1.680 12.85 4.21 20.88 
2.270 1.680 8.22 • 1.717 14.11 4.31 24.83 
8.898 2.088 9.76 1.806 17.61 4.79 41.0 
4.726 2.396 10.70 1.860 19.90 - 5.61 69.6 
6.013 2.667 11.61 1.905 22.12 6.11 80.0 
7.088 2.727 11.70 1.910 22.36 7.08 92.7 
8.848 - 2.899 12.22 1.944 28.76 7.49 118.0 
8.872 2.941 12.61 1.960 24.72 7.76 115.9 
8.872 8.029 12.94 1.980 2b .62 7.14 118.9 
9.400 2.941 12.26 1.945 28.85 8.80 126,4 
' •5a08 
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fable m 
Data and Calculated Values for Fluidisatlon of 100 U 
Run # 
B«d Height 
(oa«) 
1- £ 
(Poises) 
Ah 
(on* HgO) 
n 
(oa*/seo*) 
91ip 1 18*00 0*6986 0*009070 6*80 mm 0*2698 0.0388 
91A- 2 18*60 0*6721 0.009092 11*00 mm 0*8200 0.0685 
9U- 8 14*S6 0*6847 0.009197 11.10 4*64 0*4049 0.1031 
91i^ 4 16.06 0*4844 0.009168 11*80 4*67 0*5487 0*1374 
91iP 6 17*40 0*4471 0.009090 11*80 4*66 0*6887 0.1727 
9U- 6 18*55 0*4194 0.009087 11*80 4*70 0.8038 0*2109 
9U- 7 19*76 0*8989 0.009000 11*80 4*74 0.9827 0*2498 
91i«* 8 21*76 0*8677 0.008910 11*80 4*82 1.158 0*823 
9U- 9 28*99 0*8248 0.008761 11*80 5*00 1*408 0*407 
9U^10 27*60 0*2819 0.008055 11*70 5*91 1*829 0*497 
91A-11 81*20 0.2494 0.008396 11.70 5*34 2*259 0*695 
91A^12 87*10 0.2097 0.008678 11.80 6.10 2.979 0*700 
9U-18 48*60 0*1789 0.008820 11.90 4.92 3*769 0*784 
91i^U 64*60 0*1428 0.008942 12.10 4*80 5*146 0.895 
9U-16 69*80 0*1128 0*009112 12*26 4*61 7*017 0*989 
91A^16 78.10 0*0996 0*009215 12*26 4*51 8.140 1*026 
91i<-17 87.90 0*0885 0*009282 12*25 4.45 9.388 1.026 
91iP-18 90*80 0*0862 0*009860 12*26 4.89 9.687 1.079 
91A-19 108*80 0.0760 0*009860 12*20 4*37 11*41 1*139 
D • 0*01645 oa* s " 2*5820 gB./oo» % Free Fall Velool-^ Vcu 
®o • 2*608 om*- - 7*781 ea. 
1 - 5*88 ea* w p - 0*997 gB*y/00* 
w • 107*0806 Computed Ah • 12*82 oa. V 

Table 12; 
Lues for Fluidisation of 100 Mesh Barluia Crlass Spheres in Water 
5^! ' T~ ^ (ora*/seo«} . 
Re/U - & ; 
— 0^2695 0.0558 — M (1.772) 0,1022 
— 0.5200 ©•0685 — Ml . «- (2,298) 0.2160 
•64 0,4049 0*1051 0,5941 1.060 0,418 2,169 0,545 
.67 0.5487 0*1574 0.476 1.072 0,610 2,540 0,607 
•65 ©•6857 0.1727 0.666 1,084 0.612 2,445 0.699 
.70 0.8038 0.2109 0.669 1,096 0.722 2,426 0.912 
.74 ©•9527 0.2498 0.761 1,107 0,851 2,427 1.156 
•82 1.155 0.525 0.926 1,150 1.046 2,565 1.661 
.00 1.408 0.407 1.125 1,165 1.297 2,506 2,562 
•91 1.829 0,497 1.410 1,187 1.674 2,748 5,59 
.94 2.259 0,696 1.560 i,2oe 1.865 2,554 4.66 
•10 2.979 0,700 1.676 1.217 2,058 2,725 6.51 
•92 S,769 0,784 1.776 1.227 2,178 2,912 8.15 
.80 5,146 0.896 1.918 1.242 2.582 5,25 ii;6i 
.61 7.017 0,989 2^005 1.249 2,50e 5,70 15.85 
.61 8,140 1,026 2.022 1.251 2,550 5,99 18.28 
•45 9.388 1.026 1.990 1.247 2,482 4,64 20.50 
•59 9,667 1,079 2,077 i;255 2,607 4,16 22,02 
.57 11.41 1.1S9 2,168 1.265 2,730 4,54 26,62 
% Free Fall Veloolty Variation from Computed Value • -l.ST 
0 
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Tftbl* 13 
Dfttft and Caloiilated Values for Sedimentation of 100 
Run # 
Bed Eei^t C
O
 t Ku 4>t u R»/e (on*) (Poises) (om*/8eo*) 
91B- 1 15.97 0.4872 0,009173 4*56 0.5398 0.0971 0.339 
91B« 2 17*50 0.4446 0.009097 4.64 0.6939 0.140 0.455 
91B- S 18.68 0.4165 0.009052 4.68 0.8175 0.175 0.544 
91B- 4 19.60 0.3969 0.009020 4;71 0*9164 0.206 0*621 
91B- 6 21.65 0.3594 0.008935 4.81 1.142 0*276 0.793 
9lfi- 6 25.82 0.3266 0.008773 4.99 1.389 0*353 0.979 
91B-. 7 27.55 0.2846 0.008037 5*94 1.799 0*488 1.392 
91B- 8 31.30 0.2585 0.008393 5.45 2.127 0.588 1.530 
91B- 9 37.20 0.2091 0*008671 5.10 2.991 0*694 1*659 
91B-10 43.50 0.1789 0.008813 4.93 3*769 0*789 1.788 
91&»11 54.70 0.1422 0.008946 4.80 5.174 0.894 1.911 
91B-12 69*30 0.1123 0.009090 4.65 7.017 0.997 2.027 
91B-18 78.00 0.0997 0.009198 4*54 8.129 1.031 2.040 
91B-14 88.40 0.0880 0.009288 4.45 9.451 1.067 2.065 
91B-16 90*30 0.0862 0.009350 4.39 9.687 1*061 2.040 
91B«16 103.80 0*0750 0*009359 4.37 U.41 1*117 2*112 
D " 0»01645 oa» 
* 2*fi0S die 
A« 5*SS 
W • 107*0806 ga. 
• 2*6820 gn*/oo* 
Lq " 7*781 ea. 
p • 0.997 0B«/oo* 
fa Free Fall Telooii^- Variation from Computed Value • ••1*57 

Tabl« 13 
Bd 7ftlu08 for S«dlinBntfttlon of 100 Mesh Barium Glass Spheres in Hlkter 
u 
(om./eeo.) 
R«/a 1  + F a  ku Ke'd • ^ Ke) Re/(1 . 
0«5S98 0.0971 0.839 1.062 0.367 3.85 0.867 
0.6989 0.140 0.465 1.068 0.486 8.17 0.668 
0.8175 0.175 0.644 1.081 0.688 8.08 0.761 
0.9164 0.206 0.621 1.091 0.678 2.970 0.946 
1.142 0.276 0.798 1.118 0.888 2.882 1.418 
1.889 
• 
0.868 0.979 1.187 1.118 2*762 2.018 
1.799 0.488 1.892 1.186 1.650 7.27 8.60 
2,127 0.588 1.^0 1,200 1.886 2.511 4.89 
2.991 0.694 1.669 1.214 2.014 2.790 6.27 
8.769 0.769 1.788 1.228 2.196 2.882 8.21 
6.174 0.894 1.911 1.241 2.872 8.29 11.53 
7.017 0.997 2.(127 1.251 2.536 8.66 16.02 
8.129 1.081 2.040 1.252 2.554 8.96 18.48 
9.461 1.067 2.066 1.264 2.590 4.26 21.40 
9.687 1*061 2.040 1.262 2*554 4.86 21.62 
U.41 1.117 2.112 1.261 2,668 4.61 26.05 

98 
Tftbl* 14 
Data axid Caloulatad Values for Fluidization of 115 Mesh 1 
Bed Height (
0 1 r
-
t 
Ah Ku u Ri/g 
Run# (on* ) (Poises) (om, 9^0) f •
 
o
 
•
 
92^-13 9«20 0.6760 0.009360 4,20 tmm 0,3122 0,0206 
92i..l4 9 .50 0,6579 0,009360 6.90 2,702 0,3509 0,0608 0,1 
92A-.15 10,06 0,6275 0,009360 5.80 2,702 0,4233 0.0719 0,2 
92ip-16 11*20 0.4733 0,009330 5.96 2.713 0,5861 0.0891 0.2 
92A^-17 12.46 0.4257 0,009260 6,00 2.753 0,7747 0.1233 0.3 
92A-18 1S.S8 0.3961 0,009197 6.00 2.793 0,9207 0.1583 0.3 
92i^l2 14.58 0.3636 0,009350 6,00 2,702 1,114 0,1923 0.4 
t>Iir>ll 16,76 0.3160 0.009365 6.00 2,690 1,481 0.2643 0.5 
92A-10 18.90 0.2804 0.009378 6.00 2.685 1,847 0.330 0.6 
92J^ 9 20.86 0.2550 0.009382 6.00 2.682 2,176 0,389 0.7 
92A- 8 23.20 0.2284 0.009398 6,00 2.675 2,607 0,443 0,8 
92i^ 7 26.70 0.2062 0,009417 5,90 2,660 3,056 0,503 0,S 
92A^ 6 30.70 0,1726 0,009438 6.75 2.555 3.966 0.587 l.C 
92i^ 6 36.76 0,1435 0.009417 5.76 2.660 5.112 0.669 1.3 
92A- 4 46.26 0,1146 0,009403 6,75 2,666 6.840 0.758 Ui 
92i^ S 68.60 0.0906 0.009398 5,50 2.676 9,128 0.330 1.S 
92A- 2 73,80 0.0718 0.009375 5.50 2.686 12.00 0.893 1.^ 
92A^ 1 90.80 0.0580 0.009325 6,60 2.713 15.30 0.981 l.{ 
D - 0,01399 em. Computed • 8,44 om. H^O 
Do • 2.603 em. % Free Fall Velooity Variation from Computed Value • -6.3 
A • 6.33 ea.2 
W - 73.0682 SB. 
^ • 2.6869 gn*/90 . 
-
6,300 em. 
P - 0.997 gtt./oo» 

Tftbl* 14 
for Fluldlsation of 115 2fesh Barium Glass Spheres in Wat«r 
T' ; 7 i ^ K (0B*/8M«) 
R«/(l - &) 
O.S122 0.0206 •— (2.900) 0.0688 
0.5509 0.0608 0.1718 1.027 0.1769 2.684 1.867 
0.4285 0.0719 0.2266 1.086 0.2846 2.806 2.080 
0.6861 0.0891 0.2685 1.089 0.2682 2.884 2.819 
0.7747 0.1283 0.824 1.060 0.340 2.889 4.87 
0.9207 0.1683 0.898 1.060 0.422 2.748 6.07 
1.114 0.1928 0.450 1.068 0.481 2.760 0.788 
1.481 0.2643 0.676 1.086 0.626 2.666 1.247 
1.847 0.330 0.681 1.099 0.748 2.624 1.748 
2.176 0.389 0.777 1.112 0.864 2.646 2.270 
2.607 0.448 0.862 1.121 0.966 2.682 2.878 
5.066 0.505 0.939 1.132 1.063 2.699 8.62 
3.966 0.587 1.048 1.144 1.199 2.566 6.02 
6.112 0.669 1.154 1.167 1.385 2.984 6.89 
6.840 0.768 1.270 1.170 1.486 8.18 9.81 
9.128 0.830 1.362 1.180 1.696 8.66 13.67 
12.00 0.898 1.431 1.190 1.708 4.12 18.50 
15.30 0.981 1.659 1.202 1.874 4.12 25.32 
0 
lion from Computed Value • -6.38 

99 
Ttibl* 15 
Data and Caloulatad Valuas for S«dim«ntation of 115 Met 
Run ^ 
Bed Eei^t 
(<»•) 
1 - e 
(Poises) 
ta 
(om«/8ee.) 
92B-18 11.25 0.4711 0.009829 2.718 0.5987 0.0746 0.2106 
92ft-14 12.46 0.4267 0.009268 2.748 0,7747 0.1079 0.2822 
92B-16 13.88 0.S961 0.009220 2.777 0.9207 0.1899 0.850 
92B-12 14.42 0.8676 0.009845 2.702 1.089 0.1681 0.897 
92».ll 16.76 0.8162 0.009860 2.690 1.479 0.2600 0.644 
92B-10 18.90 0.2804 0.009879 2.688 1.847 0.817 0.658 
92Bm 9 20.92 0.2688 0.009882 2.682 2.201 0.876 0.746 
92B- 8 28.20 0.2284 0.009898 2.676 2.607 0.432 0.831 
92B- 7 26.70 0.2062 0.009417 2.660 8.056 0.488 0.909 
92B> 6 S0.66 0.1729 0.009480 2.666 8.967 0.677 1.031 
92B'- 5 86.80 0.1440 0.009417 2.660 6.088 0.674 1.166 
92B- 4 46.80 0.1146 0.009898 2.676 6.848 0.776 1.801 
92B- 8 58.60 0.0906 0.009898 2.676 9.128 0.857 1.899 
92B^ 2 78.80 0.0718 0.009874 2.686 12.00 0.928 1.488 
92B- 1 90.70 0.0684 0.009329 2.718 16.18 0.998 1.677 
. D •1 0.01899 ea. 
A 
• 
2.608 
6.88 om.* 
W • 78.0682 
• 2.5869 gDI./00. 
m 6.800 em. o 
p m 0.997 0i./oo. 
% Free Fall Veloeity Variation fren Computed Value • -ecSS 

Ihbl* 16 
Lated Values for Sedimentation of 115 Mesh Baritm Glass Spheres in l%ter 
T' 7~% 7^  K Kid • Fj.) R,/(i. s) (oia«/8eo«) 
0*5987 0.0746 0.2106 1.088 0.2175 8.52 0.2865 
0.7747 0.1079 0.2822 1.044 0.2946 8.86 0.881 
0.9207 0.1899 0.850 1.058 0.869 8.17 0.584 
1.089 0.1681 0.897 1.060 0.421 8.18 0.688 
1.479 0.2500 0.544 1.081 0.588 2.856 1.176 
1.847 0.517 0.658 1.096 0.716 2.781 1.676 
2.201 0.875 0.746 1.107 0.826 2.741 2.199 
2.607 0.432 0.831 1.118 0.929 2.7S8 2.806 
3.056 0.488 0.909 1.128 1.025 2.747 8.50 
8.957 0.577 1.031 1.141 1.176 2.840 4.98 
5.088 0.674 1.166 1.159 1.851 2.854 6.98 
6.848 0.776 1.801 1.175 1.529 8.oe 10.06 
9.128 0.857 1.899 1.186 1.659 8.81 14.04 
12.00 0.928 1.488 1.195 1.778 8.65 19.28 
15.18 0.998 1.577 1.204 1.899 8.92 25.48 

100 
Dat« and CalouUted Values for Fluidization 
Run# 
Bed Selghi 
(oa.) l -£  (Poises) 
Ah 
(oifi. HgO) *u 4>t u (om./seo . ) Ws 
96-12 10.06 0.6947 0.009071 8.06 ' 0.2763 0.0208 O.OB 
95-U 10.89 0.5746 0.009317 7.96 0.3162 0.040S O.IC 
95-14 13«40 0.4455 0.009417 8.90 1.010 0.6902 0.0611 0.13 
95-16 16.12 0.3950 0.009563 8.60 0.982 0.9266 0.0891 O.IC 
96-16 17.10 0.3490 0.009630 8.50 0.987 1.214 0.1236 0.2C 
96-11 19.08 0.3130 0.009242 8.67 1.060 1.608 0.1682 0«2{ 
96-10 21.10 0.2826 0.009204 8.66 1.068 1.822 0.1929 0.2£ 
96- 9 23.46 0.2560 0.009162 8.66 1.081 2.176 0*2270 o.s; 
9&- 8 26.98 0.2300 o^oooaz? 8.65 1.100 2.678 0.2642 O.SI 
96- 7 29.40 0.2020 0.009006 8.76 1.106 3.152 0.3040 0.4S 
96- 6 34.60 0.1710 0.009005 8.80 1.106 4.019 0.3467 0.4' 
96- 6 37.88 0.t[680 0.009050 8.83 1.006 4.487 0.3880 0.5; 
96r 4 44.28 0.1350 0.009071 8.85 1.089 5.542 0.434 0.5< 
96- S 62.90 0.0950 0.009106 8.97 1.080 8.621 0.479 0.5 
96- 2 79*00 0.0760 0.009240 9.10 1.061 11.41 Q.525 0.6 
96- 1 102.80 0.0580 0.009038 8.96 1.100 15.30 0.587 0.7 
D • 0«01015 om« 
D0 m ^^*608 OMm 
A m 6«S3 ODBi*^ 
W - 81«920i gK. 
S m 2»5747 9ft»/oo» 
Lq • 6«966 oa. 
p • 0*997 ga*/oe» 
Computed /^h • on. BgO 
% Free Fall Velooity Variation from Computed Value • •Q.886 

I 
Table 16 
> 
Lues for Pliiidication and Sedimentation of 170 Ifesh Barium Glass Spheres in Water 
Pliaidisation St 
u 
(om./360 •) Re/e - 1  + F „  8 Re/d - . e) 
u 
(om./seo • ) B*/e 1 • 
0.0208 0.0574 (2.248) 0.0392 II a, 
0,0405 O.IOBO (1.337) 0.0765 
0.0611 0.1188 1.019 0.1211 2.583 0.1479 0.0563 0.1092 i.o: 
0.0891 0.1563 1.024 0.1601 2.436 0.2394 0.0820 0.1438 l.Oi 
0.1236 0.2018 1.032 0.2083 2.343 0.3764 0.1128 0.1842 i.o: 
0.1682 0.2523 1.039 0.2621 2.355 0.554 0.1473 0.2358 i.o: 
0.1929 0.2960 1.045 0.3093 2.304 0.752 0.1792 0.2750 1.0 
0.2270 0.3380 1.052 0.3556 2.336 0.987 0.2160 0.3207 1.0 
0.2642 0.359 1.055 0.3787 2.590 1.202 0.2515 0.3663 1.0 
0.3040 0.429 1.065 0.457 2«382 1.695 0.2915 0.411 1.0 
0.3467 0.470 1.071 0.503 2.573 2.279 0.3428 0.465 1.0 
0.8880 0.515 1.077 0.555 2.S68 2.745 0.3702 0.493 1.0 
0.434 0.560 1.083 0.607 2.387 3.588 0.412 0.531 1.0 
0.479 0.588 1.087 0,639 3«285 5.60 0.491 0.604 1.0 
Q.625 0.624 1.091 0.681 3.385 7.70 0.524 0.622 1.0 
0.587 0.700 1.101 0.770 3.599 11.37 0.576 0.686 l.C 

>f 170 Mesh Bariim Glass Spheres in Water 
Sedimentation 
u 
K^l^Fjce) R«/(l-e) (om./8eo.) Ri/g 1 • F, ku K^l • Fke) VU" &) 
(2«248} 0.0892 .M. — -iM — 
(1.S37) 0.0766 MM. — — — — 
2«688 0.1479 0.0668 0.1092 1.017 0.1111 2.840 0.1560 
2*486 0.2894 0.0820 0.1458 1.022 0.1470 2.692 0.2208 
2.848 0.8764 0.1128 0.1842 1.029 0.1896 2.628 0.5456 
2.866 0.664 0.1478 0.2568 1.036 0.2445 2.671 0.618 
2.804 0.762 0.1792 0.2760 1.045 0.2868 2.664 0.698 
2.886 0.987 0.2160 0.5207 1.049 0.5364 2.626 0.957 
2.680 1.202 0.2616 0.3665 1.056 0.3868 2.610 1.227 
2.882 1.696 0.2916 0.411 1.062 0.436 2.564 1.624 
2.678 2.279 0.5428 0.466 1.070 0.498 2.626 2.264 
2.568 2.746 0.5702 0.495 1.074 0.629 2.678 2.627 
2.887 8.688 0.412 0.651 1.079 0.675 2.695 5.66 
5.288 6.60 0.491 0.604 1.089 0.668 5.01 6.76 
8.886 7.70 0.624 0.622 1.091 0.679 5.42 7.67 
8.699 11.87 0.676 0.686 1.099 0.764 5.86 U.14 

101 
Data axxd Caloulated Values for Fluid!sat 1< 
Bed Hei^ "m ! 
RUB# (OA*) l-€ (Ftoises) KL (J)' u Re/c 
(oav/seo,) 
115-17 12.40 0.6606 0.009417 16.49 0.8467 0.0886 0.704 
116-16 12.82 0.6410 0.009890 16.61 0.8896 •MM. 
U6-15 18.86 0.5010 0.009868 16.68 0.4970 0.07Z3 1.187 
116-14 14170 0.4726 0.009827 16.81 0.6890 0.0990 1.528 
116-18 16.90 0.4866 0.009287 16.97 0.7274 0.1248 1.800 
116-12 16.60 0.4190 0.009248 16.07 0.8067 0.1447 2.088 
116-11 18.80 0.8800 0.009200 16.26 1.012 0.1858 2.462 
116-10 22.80 0.8046 0.009188 16.60 1.688 0.2740 8.26 
116- 9 27.66 0.2622 0.009180 16.60 2.217 0.547 8.84 
U6- 8 82.12 0.2162 0.009167 16.88 2.841 0.404 4.25 
116- 7 88.70 0.1749 0.009167 16.88 8.760 0.465 4.69 
116- 6 46.60 0.1490 0.009160 16.88 4.860 0.510 4.94 
116- 6 64.90 0.1268 0.009198 16.26 6.081 0.549 6.16 
116- 8 66.10 0.1050 0.009817 16.80 7.629 0.587 5.82 
116- 4 76.00 0.0916 0.009240 16.11 9.021 0.616 6.55 
116- 1 92.80 0.0749 0.009610 16.18 11.48 0.648 6.56 
116- 2 98.80 0.0707 0.009896 16.68 12.21 0.670 5.81 
D • 0«07584 OB* 
Dq • 2*608 
A " 6«8S on* 
W - 39.0670 ga. 
L " 1*0660 9iu/oo» 
•* 6 *948 on* 
p • 0»997 gia*/oo* 
49^ Free Fall Velooi-ty Variation f ron Computed Value 0.0 
*Hotet Density of spheres vas oompuied from free fall Telooities 

Table 17 
Lloulated Values for Fluidiiatlon Guod Sedimentation of 24 Mesh Polystyrene Spheres in Water 
Fluidization 
[)• 7"^^ ku Ke (l*F ) H./U-E) ~r- —S^ 
(oa«/8eo •) (oiB./seo • ) 
157 O.OS86 0*704 1.102 0.776 3*61 0*552 •M. 
»5 .MMI •MM —« 0*0449 0.788 
>70 0.07Z2 1.187 1*161 1*378 2*994 1*182 0.0727 1.177 
190 0*0990 1*62S 1*200 1*828 2*704 1*700 0.0927 1*422 
S74 0.1248 1*800 1*229 2*212 2.780 2*324 0*1212 1*752 
)67 0.1447 2*058 1*252 2*552 2*672 2*826 0*1405 1*978 
L2 0*1858 2*462 1*295 8*19 2*684 4*02 0*1802 2*894 
38 0.2740 5*26 1*566 4.45 2*952 7*44 0*2760 8.29 
17 0*347 5.84 1.417 5*44 3.19 11*39 0*857 3*96 
11 0*404 4*25 1*448 6*15 3*42 15.41 0*420 4*48 
50 0*466 4*69 1.481 6*95 3*77 22*00 0*486 4.90 
50 0*510 4*94 1*498 7*40 4*42 28.21 0*552 5*35 
SI 0*548 5.16 1*518 7*85 4*92 30*53 0*602 5*66 
29 0*587 5*32 1*525 8*11 5*51 45*8 0*640 5.80 
21 0*615 5.55 1*541 8.55 6*14 55*1 0*677 5ao 
5 0*648 5*66 1.54S 8*58 6*80 68*7 0*680 5*85 
I 0*670 5*81 1*558 9*05 6*86 76*4 0*694 6*01 

aition of 24 Ifeeh Polystyrene Spheres in Water 
Sedimentifc ion 
Ke 'U • R«/U ' E )  n (om./seo.) R./£ 
1 + F .  Ee/d- e )  
S.61 0.662 mmm- MM mmm mmm 
M 0.0449 0.788 1.118 0.877 8.64 0.669 
2*994 1.182 0.0727 1.177 1.169 1.864 8.02 1.172 
2.704 1.700 0.0927 1.422 1.189 1.691 2.924 1.688 
2,780 2.824 0.1212 1.762 1.224 2.144 2.870 2.262 
2.672 2.826 0.1406 1.978 1.246 2.466 2.771 2.748 
2.664 4.02 0.180e 2.894 1.288 8.08 2.788 8.91 
2.962 7.44 0.2760 8.29 1.867 4.60 2.897 7,61 
3.19 11.39 0.867 3.96 1.426 6.64 3.04 11.74 
8.42 16.41 0.420 4.48 1.460 6.47 8.18 16.06 
3.77 22.00 0.486 4.90 1.496 7.88 8.46 22.40 
4.42 28.21 0.662 6.86 1.628 8.17 3.78 S0.6 
4.92 88.68 o.6oe 6.66 1.662 8.78 8.97 39.0 
6.61 46.3 0.640 6.80 1.660 9.06 4.40 49.4 
6.14 66.1 0.677 6ao 1.680 9.64 4.79 60.6 
6.80 68.7 0.680 6.86 1.660 9.18 6.92 72.8 
6.86 76.4 0.694 6.01 1.6t4 9.46 6.21 79.0 

102 
Data and Calculated Values for Fluidlcati 
Bad Height ^ 
RUB# (OJA*) 1-6 (Poiaea) <j)* u Re/g 
(omv/see*) 
116-12 12.18 0.6528 0.009618 9.68 0*8628 0.0519 0.479 
116-18 12*78 0*6248 0*009680 9*61 0.4516 0.0456 0*614 
116-14 18*80 0*4866 0*009662 9*68 0*6462 0.0666 0*864 
116-16 16*06 0*4449 0.009600 9*67 0*6926 0.0884 1.078 
116-16 16*06 0*4174 0*009671 9*74 0.8151 0.1080 1*262 
116- 1 16*90 0*8964 0*009822 10*26 0.9190 0*1256 1*421 
116- 2 18*88 0*8649 0*009800 10*80 1*175 0*1680 1*708 
116- 8 20*84 0*8216 0*009286 10*88 1*452 0.1950 1.986 
116- 4 28*10 0*2900 0.009247 10*42 1*758 0.2280 2*246 
116- 6 26*40 0*2688 0.009201 10.68 2*194 0.2660 2*498 
116- 6 28.60 0*2861 0.009176 10.69 2*489 0.506 2*820 
116- 7 82*40 0*2068 0.009070 10*82 5*045 0*547 5*12 
116- 8 87*90 0*1768 0.009016 10*96 5*855 0*588 3*88 
116- 9 48*40 0*1548 0.008900 11.26 6*564 0*455 3*66 
U6-10 78*80 0*0914 0.008808 11*60 9*055 0*607 4*10 
116-11 108*80 0.0619 0.008710 11*72 14.22 0*682 4*61 
117-24 16*80 0.0602 0.009172 10.69 14.67 
117-26 26*80 0.0578 0.009072 10.81 24*49 —« —M 
117-26 86*80 0.02760 0*008962 11.08 54*59 — 
117-18 87.80 0*02715 0*008912 11.20 54.89 0.679 S.06 
117-17 48.80 0*02074 0*008922 11.20 46*24 0.717 5*81 
117-19 66*80 0.01782 0*008780 11*68 64*14 . — — 
117-22 68*80 0.01686 0*008687 11.81 61*07 — 
117-28 76,80 0.01518 0*008671 12*12 75.88 
117-20 86*80 0«t}1179 0*008780 11*70 82.82 — • 
117-21 86*80 0.01166 0*008671 11*84 85*77 • • — 
For Ruaa 116t D • 0«064e4 em« For Bxata 117t 
Dq • 2«608 om» 
A • 5«85 em*' 
K • 87a6294 gn* 
^ • 1*057 0B*/oo* 
LI^ • 6*696 CM* 
p • 0*997 ^*/oo* 
4^ Free Fall Velocity Variation from Computed Value • 0*0 
eNotei Density of spheres nas computed from free fall ^elooltlea* 

Tabl« 18 
lated Values for Pluidlzation and Sedimentation of 28 Ifesh Polystyrene Spheres in Water 
Fluidisation 
u 
(om»/s«e«) We 
1  + F ,  R./(i-e) u 
(oBc/seo.) We 
1 
0.0S19 0.479 1.072 0.513 3.46 0.388 rnimm 
0.0436 0.614 1.090 0.669 3.14 0.667 0.0387 0.547 1 
0,0665 0.864 1.122 0.968 2.762 0.906 0.0630 0.820 1 
0.0884 1.07S 1.147 1.231 2.723 1.339 0.0824 1.000 1 
0.1080 1.262 ' 1.169 1.464 3.16 1.748 0.0969 1.124 1 
0.1256 1.421 1.189 1.690 2.771 2.164 0.1200 1.382 1 
0.1680 1.70S 1.221 2.079 2.831 3.10 0.1628 1.646 1 
0.19S0 1.986 1.246 2.476 2.832 4.19 0.1836 1.887 1 
0.2280 2.246 1.276 2.862 2.926 6.60 0.2184 2.156 1 
0.2660 2.498 1.297 3.24 3.20 7.34 0.2696 2.540 1 
0.306 2.820 1.330 3.76 3.02 9.17 0.2929 2.704 1 
0.347 3.12 1.366 4.23 3.21 11.97 0.334 3.00 1 
0.388 3.38 1.378 4.66 3.67 16.76 0.386 3.37 1 
0.433 3.66 1.401 6.13 4.49 22.79 0.461 3.81 1 
0.607 4.10 1.436 6.89 6.18 40.8 0.636 4.34 1 
0.682 4.61 1.476 6.80 7.69 69.9 0.608 4.81 1 
— w- MM —- 0.610 4.57 1 
— —- — 0.667 4.94 1 
0.714 5.29 1 
0.679 5.06 1.506 7.62 12.34 181.8 
0.717 S.Sl 1.527 8.11 13.40 261.0 . 0.758 6.62 1 
•MM 0.762 6.66 1 
0.816 6.17 1 
' MM. .MM.' MM —M 0.881 6.74 1 
— 0.762 6.66 1 
I— •ii.. — . — 0.818 6.17 1 
For Euzu 117t W * 5•7017 gnu 
Lo " 1*012 on* 
I Other quantities same as for Runs 1-16 
!••• 

:atlon of 28 lEesh Polystyrene Spheres in Water 
Sedlaentation 
• Fje^ Re/(1 - e ) u (oB./see.) We 
l ^ P ,  • J'Ke) R*/(l - €) 
; 3«46 0.888 • - J • 1 
1 8a4 0.667 0.0887 0.647 1.081 0.691 3.66 0.496 
1 2*762 0.906 0.0680 0.820 1.117 0.916 2.880 0.869 
2«728 1.889 0.0824 1.000 1.189 1.189 2.966 1.247 
t 8.16 1.748 0.0969 1.124 1.152 1.296 8.06 1.669 
> 2.771 2.164 0.1200 1.882 1.186 1.688 2.867 2.104 
1 2.881 8.10 0.1628 1.646 1.218 1.997 2.959 2.992 
2.882 4.19 0.1886 1.887 1.288 2.886 8.08 8.98 
2.926 6.60 0.2184 2.166 1.266 2.727 8.10 5.28 
8.20 7.84 0.2696 2.640 1.802 8.81 8.12 7.47 
8.02 9.17 0.2929 2.704 1.S19 5.57 8.28 8.80 
8.21 11.97 0.884 8.00 1.844 4.08 8.44 11. 61 
8.67 16.76 0.886 8.87 1.876 4.68 8.69 16.71 
4.49 22.79 0.461 8.81 1.416 6.89 4.12 28.72 
6.18 40.8 0.686 4.84 1.464 6.81 6.40 48.2 
7.69 69.9 0.608 4.81 1.491 7.17 6.78 72.9 
•MM — 0.610 4,57 1.470 6.72 6.29 71.4 
— 0.667 4.94 1.496 7.89 8.67 126.9 
— 0.714 5.29 1.525 8.07 9 .88 IS 7.8 
12.84 181.8 — — — — —— — 
18.40 261.0 0.768 6.62 1.547 8.69 10.48 2.66.2 
— 0.762 6.66 1.648 8.76 18.76 811 
•MM 0.816 6.17 1.685 9.78 10.12 888 
•MM* 0.881 6.74 1.626 10.96 6.44 505 
0.762 6.66 1.648 8.76 21.79 478 
•M 0.818 6.17 1.686 9.78 14.16 628 
s same as for Runs 1«-16 
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Data and Calculated Values for Fluidis 
Hun# 
Bad Hsl^ 
(«••) C
O 1 (Ibises) K 
tt 
4)» u 
(om./see.) 
Ve 
118- 1 12.80 0.6666 0.008696 7.76 0.8408 0.02290 0.852 
11»> 2 14.00 0.6170 0.008896 7.75 0.4687 0.0887 0.606 
8 14.90 0.4868 0.008682 7.77 0.6628 0.0509 0.626 
U»- 4 16.80 0.4681 0.008677 7.44 0.660e 0.0682 0.740 
118- 6 16.76 0.4821 0.008688 7.76 0.7660 0.0766 0.854 
118- 6 18.40 0.8984 0.008688 7.76 0.9468 0.1008 1.051 
118- 7 19.80 0.8750 0.008670 7.78 1.058 0.1280 1.249 
118- 8 22.00 0.8290 0.008680 7.86 1.888 0.1506 1.480 
118- 9 24.20 0.2991 0.008782 7.60 1.659 0.1791 1.602 
118-10 26.10 0.2778 0.008642 7.84 1.900 6.2000 1.769 
118-11 28.80 0.2618 0.008468 8.16 2.250 0.2270 1.971 
118-12 88.40 0.2167 0.008522 8.05 2.854 0.2642 2.180 
118-13 87.16 0.1948 0.008670 7.96 8.854 0.2962 2.862 
118-14 44.80 0.1684 0.008671 7.79 4.816 0.821 2.488 
118-16 48.10 0.1606 0.008740 7.67 4.856 0.855 2.688 
118-16 61.90 0.1169 0.008440 8.28 6.715 0.881 2.821 
118-17 74.00 0.0978 0.008667 7.99 8.875 0.416 2.970 
118-18 98.66 0.0778 0.008680 7.86 11.08 0.487 3.02 
A 
W 
S. 
I'D 
P 
0»06520 
2 *608 OBI*. 
5,98 
40,7240 
1.0667 
7.288 
0.997 
Ptts 
pu/oo# 
gB./00. 
^ Free Fall Velocity Variation from Ci 
•Hotat Deoasity of spheres nas computed from fr«e fall Talooitias. 

Table 19 
Caloiilated Values for Fluidization and Sedimentation of 32 liesh Polystyrene Spheres in Water 
Fluiditation 
4" ^ "ttt;;—K V»-e) —r— 
(«./>«>.) .-He M (om./«M.) 
,S40S 0*02290 0.552 1.061 0.549 5.79 0.268 
.4687 0,0887 0.606 1.076 0.644 5.27 0.477 0.0576 0.494 
,6628 0.0609 0.626 1.091 0.682 5.15 0.668 0.0496 0.609 
>66oe 0,06S2 0.740 1.107 0.819 2.909 0.884 0.0615 0.700 
>7660 0.0766 0.864 1.122 0.968 5.01 1.155 0.0769 0.846 
.9468 0.1008 1.051 1.144 1.202 2.964 1.656 0.0987 1.050 
.068 0«12S0 1.249 1.169 1.460 2.664 2.099 0.1158 1.165 
.586 0*1606 1.450 1.189 1.700 2.979 2.959 0.1627 1.461 
,669 0.1791 1.602 1.209 1.957 2.952 5.78 0.1776 1.690 
.900 0.2000 1#769 1.226 2.169 5.06 4.64 0.2002 1.769 
.260 0.2270 1.971 1.246 2.466 5.26 6.91 0.2290 1.988 
.864 0.2642 2.180 1.268 2.764 5.46 7.95 0.2740 2.260 
,664 0.2962 2.562 1.286 5.04 5.07 9.85 0.504 2.424 
.316 0«S21 2.458 1.291 5.16 4.11 12.67 0.548 2.659 
•866 0.S66 2.658 1.511 5.46 5.88 16.06 0.566 2.720 
.716 0.681 2.821 1.529 5.76 6.55 21.44 0.426 5.16 
.576 0.416 2,970 1.542 5.99 6.64 27.66 0.448 5^20 
.08 0.457 5.02 1.546 4.06 6.96 56.5 0.481 5.34 
ill Velocity Variation from Computed Value • 0,0 
), 
elooities* 

bion of 32 Itosh Polystyrene Spheres in Water 
SinHwr-tmt.lftW 
R«A1 - e; "T TTfI Kg(i •Pj.) R«/(i - e) 
(om«/8eo«) 
5.79 0.258 
3«27 0.477 
3.15 0.668 
2*909 0.884 
5,01 1.155 
2.954 1.656 
2.664 2.099 
2.979 2*959 
2.952 5.78 
5.06 4*64 
5.26 6*91 
5.46 7*95 
5.07 9*85 
4.11 12*57 
5.88 15*06 
5.58 21*44 
5.64 27*55 
6.95 56*5 
0.0578 0.494 
0.0496 0*609 
0.0615 0.700 
0.0769 0.846 
0.0987 1.050 
0*1158 1*165 
0*1527 1*461 
0*1775 1*590 
0*2002 1.769 
0*2290 1.988 
0*2740 2.260 
0.504 2.424 
0*548 2.659 
0*566 2.720 
0*425 5.15 
0*448 3.20 
0.481 3.34 
1*074 0*551 
1*090 0*664 
1*101 0*771 
1*121 0*948 
1*141 1*176 
1*157 1*554 
1*192 1*750 
1*207 1*919 
1*226 2*169 
1*246 2*477 
1*274 2.879 
1*291 3*15 
1*511 5.46 
1*520 5.69 
1*357 4.27 
1*361 4*56 
1*572 4*68 
5.56 0.467 
5.25 0.661 
5*10 0*856 
5.04 1.122 
5.05 1*602 
2*944 1*957 
2*922 2*982 
2.964 5.75 
5*04 4*64 
5.22 5*96 
5*27 8*22 
5.54 10.08 
5.54 15.60 
5.64 16.62 
4.25 25,90 
4.76 29.69 
5*46 40.1 

lOk 
Tftbl« 20 
Data and Caloulatad Valuas for Fluidlsatlon of Oround 16 U»a 
Bad Bal^t 1 - £ Ak *a u R»/ Run# («••) (Poisac) (on. HjO) M (om./8ao.) 
126-28 4.96 0.6960 0.000800 1.88 mm 0.2788 0.667 
126-22 4.96 0.6960 0.009828 8.10 M 0.2789 0.882 
126-21 6.18 0.6728 0.009298 4.16 M 0.8402 1.291 
126-20 6.60 0.6964 0.009222 4.26 988 0.4006 1.764 40, 
126-19 6«00 0.4917 0.009166 4.40 1000 0.8266 2.828 47. 
126-18 6.80 0.4888 0.009140 4.80 1006 0.7S90 3.02 56. 
126-17 7.80 0.8988 0.009120 4.60 1011 0.9369 3.61 62. 
126-16 8.S8 0.8638 0.009098 4.60 1016 1.184 4.19 69. 
126-16 9.60 0.8078 0.009100 4.70 1016 1.661 4.69 71. 
126-14 10.78 0.2744 0.009098 4.60 1016 1.919 8.29 78. 
126-18 12.10 0.2488 0.009109 4.78 1012 2.848 6.89 81. 
126-12 18.70 0.2168 0.009098 4.78 1016 2.860 6«47 88. 
126-11 16.70 0.1879 0.009098 4.80 1019 8.610 7.07 91. 
126-10 17.90 0.1648 0.009078 4.99 1020 4.288 7*68 98, 
126- 9 20.70 0.1426 0.009070 8.12 1021 6.160 8.24 101« 
126- 8 28.80 oa28» 0.009078 4.98 1020 6.198 8.82 108. 
128- 7 28.00 0.1064 0.009108 8.00 1012 7.898 9.44 110, 
U6- 6 82.80 0.0899 0.009078 6.07 1020 9.218 10.02 118. 
126- 8 41.80 0.0714 0.008987 1042 12.08 10.60 121, 
126- 4 60.80 0.0681 0.008990 — 1089 18.27 11.18 128, 
126- 8 68.80 0.0448 0.008940 1082 20.87 11.78 131, 
126- 2 88.8 0.0862 0.008907 — 1069 26.44 12.26 188, 
126- 1 96.S 0.0806 0.008786 
— 
1108 80.71 12.72 143, 
D • 0.09769 OB. ir • 41.6866 P - 0.997 sa./oo. Computad 
Do • 2.608 em.. d « 2.666 0B./OO« 
• - 6.88 «H.* Lo • 2.946 em. 

T«bl« 20 
!ar Flttidisatlon of Oround 16 Msah Barium Sphoros in Watar 
Z 7~« TTfj; E; Ball • Pg,) hV(1 - 6 ) 
—• 0,27S6 0.567 8.48 9.77 
— 0«27S9 0.882 — mm 8.68 15.46 
0,S40e 1.291 — mm mm 4.45 28.17 
B8 0.4006 1.764 40*2 8.04 122.2 4.81 84.8 
90 0.6266 2»828 
t 
47.7 8.26 155.5 4.66 49.5 
06 0.7390 8.02 56.8 3.54 201.1 5.24 74.1 
11 0.9369 8.61 62.5 3.'68 229.8 5.88 96.1 
16 1.184 4.19 69.4 3;87 268.6 6.88 127.0 
16 1.661 4.69 71.0 3.90 276.9 8.15 159.8 
16 1.919 5.29 78.1 4.07 818 8.57 206.5 
12 2.84S 5.89 81.4 4.15 888 9.75 252.0 
16 2.860 6*47 •88.4 4.81 881 10.28 822 
19 8.510 7.07 91.5 4.40 408 11.80 896 
80 4.288 7,65 98*8 4.58 446 12.88 498 
SI 6.160 8.24 10L.0 4.60 465 14.28 608 
CO 6.195 8.82 108.1 4.75 518 14.52 918 
02 7.598 9.44 110.4 4.80 580 16.60 988 
leo 9.218 io«oe 118.2 4.95 585 16.95 1197 
>42 12.08 10.60 121.4 5.08 6U 21.48 1580 
>89 15.27 11.18 128.6 5.15 662 22.86 2085 
}52 20.87 11*78 181.8 5.20 685 28.58 2808 
>59 26.44 12.25 188.8 5.88 740 80.41 8800 
LOS 80.71 12*72 148.7 5.41 777 85.02 4550 
^ • 0«997 0a*/oe« Computad Ah •< 4«88 ai» HjO 
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Tabl« 21 
Data ttid Caloulatsd Value* for Fluldisatloa of Chround 20 Mosh B 
Run # (o««) 
1 - e 
(Poisos) 
Afc 
(o«. B^O) 4)' 
u 
(om./seo.) 
RO/£ 
127-28 4.80 0.6987 0.008466 1.64 «ra> 0.2781 0.489 • , „ 
127-27 4.80 0.6987 0.008466 2.68 0.2781 0.692 
U7-26 4.80 0.6987 0.008460 8.46 0.2781 0.864 mm 
127-25 4,88 0.6840 0.008486 8.84 0.2964 1.000 mm. 
U7-24 6.10 0.6688 0.008428 8.90 770 0.8488 1.206 27.8 
127-28 6,26 0.6429 0.008418 8.98 774 0.8848 1.878 50.S 
127-22 5,40 , 0.6278 0.0084181 4.06 772 0.4225 1.604 S4.i 
127-21 5,66 0.61S6 0.008486 4.11 771 0.4610 1.764 86.6 
127-20 6,70 0.6000 0.008465 4.20 785 0.6000 1.901 88.S 
127-W 8,96 0.4790 0.008418 4.10 774 0.6666 2.092 40.^ 
127-19 6.80 0.4624 0.008485 4.26 769 0.6628 2.826 42.^ 
127-17 6,60 0.4S18 0.008466 4.29 767 0.7478 2.686 46.1 
127-ie 7.20 0.3968 0.008486 4.46 769 0.9228 8.10 61.( 
127-16 7.85 0.8681 0.008414 4.46 774 1.117 3.61 57«i 
U7-14 9.26 0.8081 0.008470 4.64 762 1.664 4,18 59.1 
127-18 10.60 0.2689 0.008492 4.66 761 1.988 4.71 64.1 
127-U 12.10 0.2866 0.008681 4.68 762 2.482 5.29 68.1 
127-11 14.00 0.2086 0.008666 4.74 749 8.116 5.89 78.' 
127-10 16.20 0.1769 0.008678 4.76 744 8.861 6.47 77. 
127- 9 19.00 0.1600 0.008680 4.85 746 4.817 7.07 82. 
127- 8 22.50 0.1267 0.008690 4*86 741 6.019 7.66 86. 
127- 7 27.20 0.1048 0.008689 4.90 745 7.647 8.24 91. 
127- 6 88.10 0.0861 0.008676 6.00 744 9.701 8.84 95. 
127- 8 41.80 0.069a 0.008670 6.10 780 12.56 9.44 99. 
127- 4 £4^Ci0 0.0628 0.008688 789 16.99 10.02 103. 
127- 8 70.80 0.0«06 0.008610 — 789 22.78 10.47 107. 
127- 2 86.80 0.0884 0.008689 — 741 27.97 10.88 110. 
127- I 102.80 0.0277 0.008678 746 84.18 11.20 114. 
D • 0.08518 om. W - 89.9844 Coaputod ^ h • 4.66 on. HoO 
« 2.608 i - 2.629 9K./o«. ^ Pr«« Fall Volool^ Variation 
A - 5.88 oa.^ - 2.868 
-

Table 21 
iildisatlon of (h'ound 20 Ifesh Beriim Glass Spheres in llater 
J' ' 7 • ^ K.) ®«/(l - e) (on«/s«o,; 
0.2781 0.489 
0.2781 0.692 
0.2781 0.864 
0.2964 1.000 
0.8488 1.206 
0.8848 1.873 
0.4226 1.604 
0.4610 1.764 
0.6000 1.901 
0.6666 2.092 
0.6628 2.826 
0.7478 2.686 
0.9228 8.10 
1.117 S.61 
1.664 4.18 
1.988 4.71 
2.482 6.29 
8.116 6.89 
8.861 6.47 
4.817 7.07 
6.019 7.66 
7.647 8.24 
9.701 8.84 
12.56 9.44 
16.99 10.02 
22.78 10.47 
27.97 10.88 
84.18 11.20 
— 
mm ' mm 
27.62 2.60 
80.8 2.70 
84.8 2,84 
86.6 2«92 
88.2 2.97 
40.4 8.04 
42.7 8.11 
46.6 8.28 
61.6 8.87 
67.2 8.64 
69.8 8.61 
64.6 8.78 
68.9 8.86 
78.4 8.97 
77.8 4.06 
82.4 4.18 
86.6 4.28 
91.0 4.88 
96.7 4.47 
99.8 4.55 
103.6 4.65 
107.6 4.72 
110.7 4.80 
114.1 4.86 
(8.47) 
•M (8.69) 
mm (8.76) 
m» ( 8.90) 
71.6 4.42 
81.8 4.40 
97.4 4.16 
106.9 4.19 
118.6 4.27 
122.8 4.67 
182,8 4.98 
160.2 4.96 
178.9 6.82 
202.6 6.69 
216.9 7.10 
240.6 8.06 
266.8 9.89 
291.4 9.72 
816 10.68 
844 11.78 
871 12.87 
899 14.67 
428 16.01 
462 17.68 
482 20.69 
607 24.46 
681 26.66 
666 28.68 
7,42 
11,71 
14.46 
17.24 
21.7S 
26.47 
80.6 
84.6 
88(i2 
44.0 
61.7 
61.2 
78.7 
100.2 
184.0 
176.0 
224.1 
287.0 
864 
467 
697 
777 
1016 
1340 
1869 
2646 
8210 
4000 
ompttted 4.66 em. HgO 
> Free Fall Velooi^ Variatioa frost C<Haputed Value " ••0«0021 
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Tabl* 22 
Data and Caloulatad Valuat for Fluldiiation of Ground 28 U< 
Run # 
Bod Hol#it 
(ea.) 
T -  € -
(Poiaos) 
All 
(OB. ^ 0) 
4>t u 
(OB./B«e.) 
128-28 6.20 0.8904 0.008680 1.70 ^ 0.2642 0.2080 
128^1 5.20 0.6904 0.008611 2.76 •• 0.2842 0.328 
128-20 6.20 0.6904 0.008648 8.90 0.2842 0.446 
128-19 6*80 0.6792 0.008672 4.46 0.3086 0.667 
128-18 6.50 0.6682 0.008680 4.46 226.8 0.8497 0.690 
128-17 6*78 0.6889 0.008690 4.60 226.2 0.4068 0.947 
128-16 6*80 0.4616 0.008690 4.86 226.2 0.6664 1.866 
12»-16 7«80 0.4098 0.008716 
— 
224.6 0.8624 1.844 
128-14 7.78 0.3961 0.008680 4.86 229.6 0.9207 1.844 
128-18 8»86 0.8469 0.008606 4.86 280.2 1.229 2.441 
128-12 10.48 0.2988 0.008649 4.80 284.0 1.697 8.12 
128-11 12.80 0.2466 0.008618 6.00 286.1 2.817 8.90 
128-10 18.80 0.2007 0.008686 8.16 284.6 8.188 4.00 
128- 9 17.60 0.1744 0.008868 6.08 288itS 8.908 4«88 
128- 8 20.80 0.1498 0.008578 6.06 282.0 4.826 ««69 
128- 7 24.00 0.1279 0.008674 6.10 282.1 6.947 6.08 
128- 6 28.80 0.1086 0.008680 6.07 282.0 7.826 6.40 
128- 6 84.80 0.0896 0.008694 6.10 281.7 9.268 6,76 
128-4 42.60 0.0721 0.008600 6.28 280.8 11.94 6a2 
128- 8 84.80 0.0660 0.008694 6.82 281.6 16.91 6.47 
129- 2 78.80 0.0419 0.008694 6.40 281.7 21.91 6.88 
128- 1 90.80 0.0888 0.008680 6.40 282.0 27.62 7.06 
D - 0.06767 S m 2,680 0>«/oo. - % Froo Fall Tolooll^ 
D- • 2.608 «•- 1^ - 8.066 em. 
I - 8.88 p " 0.997 gp./oo. 
W - 42.9646 Conputod Ah • 6.01 OB. 1^0 

Tabl* 22 
or FluidiMtion of Ground 28 Ifosh Barium Glass Sphoros in Hfetor 
4>» u 
(om./s«o.) 
1 • P,. W * Ri/U -
0.2842 0.2080 mmm mm (3.28) 2.360 
— 0.2842 0.328 — mm mm (8.36) 8.71 
— 0.2842 0.448 —i ' —i mm (8.48) 6.06 
— 0.3086 0*667 PP> • • \— mm (8.48) 6.60 
26.8 0.8497 0.690 10.84 1.84 19.08 8.61 8.20 
26.2 0.4068 9.947 18.44 1.98 26.61 8.02 11.74 
26.2 0.6664 1.866 16.61 2.16 86.6 8.86 20.00 
24.S 0.8624 1.844 20.60 2.84 48.2 8.66 29.76 
S9.6 0.9207 1.844 20.89 2.82 47.8 4.11 81.08 
B0.2 1.229 2.441 24.98 2.61 62.7 4.12 47.0 
M.O 1.697 8.12 29.76 2.67 79.4 4.41 71.6 
S5.1 2.S17 8.90 86.0 2.86 100.1 4.48 107.4 
S4.S 8.188 4.00 88.8 2.88 96.7 6.66 184.1 
SS^^S 8.908 4*88 86.8 2.87 101.8 7.29 167.0 
S2.0 4.826 %,69 87.0 2.98 108.4 8.07 210.0 
S2.1 6.947 6.08 88.7 2.98 116.8 8.96 264.0 
S2«0 7.826 6.40 40.6 8.06 128.8 9.76 884 
SI .7 9.268 6,76 42.4 8.10 181.4 10.96 481 
10.8 11.94 6^2 44.1 8.16 189.4 12.87 667 
I1.6 16.91 6.47 46.0 8.21 147.7 14.64 776 
U.7 21.91 6.88 47.8 8.26 166.8 17.44 1091 
I2.0 27.62 7.06 49.0 8.80 161.7 19.82 1401 
% Freo Fall Vmlooi-ty Variation from Computod Value • -5*60 
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./ : ; : : : . . T«bl« 23 
Data aad Caloulated Valuaa for Fluldlcaidoii of Groun 
Bad 1 - € Zm Ah cjj* u : 
Bun ^ (on*) (Poises) (OM» ^O) (om*/B6C«} 
129-18 8.26 0.6600 0.008670 1*37 — 0.3467 1*677 
129-17 8.26 0.6600 0.008670 3*26 — 0.3467 3*20 
129-16 8.26 0*5600 0.008680 4.40 — 0.3457 3*51 
129-16 8.30 0*6566 0.008700 6*70 — 0.3532 4*11 
129-U 8.40 0.6500 0.008702 6.80 42,800 0*3682 4*69 
129-13 8.86 0*6220 0.008702 6.80 42,800 0*4377 5*29 
129-12 9.90 0.4667 0.008702 6.90 42,800 0*6094 6*59 
129-11 11.06 0*4181 0.008684 7.00 43,000 0*8099 7.84 
129-10 12.80 0*3609 0.008684 7.06 43,000 1.132 9*77 
129- 9 16.05 0.S070 0.008671 — 43,100 1.564 11*59 
129- 8 17.80 0*2696 0.008648 — 43,400 2.112 13*58 
129- 7 21.80 0.2169 0.008620 7*35 43,700 2.827 15*63 
129- 6 26.80 0*1791 0.008606 7.40 43,800 3*762 17*65 
129- 5 32.80 0*1430 0.008688 7.50 44,000 5*136 19*68 
129- 4 42.80 0*1092 0.008665 7*66 44,200 7*267 21*69 
129- S 66*80 0.0828 0.008588 7*76 44,000 10*16 28*70 
129- 1: 72.80 0.0636 0*008568 7.80 44,400 13*81 25*74 
129- 1 88*80 0*0620 0.008488 7.80 46,100 17*10 27*45 
iD • 0«8860 ea. • 2.572 ga./oo. 
Do - 2*608 OB. 
-
4.620 en. 
A • 5*88 «B.^ P - 0*997 gn./oo* 
W • 63.3288 s>« Computed Ah 7.29 oa. H2O 

Table 23 
.u«i for Fluidlsftidon of Ground 3 mm* Glass Spheros in Watar 
Ci>» u 
(om./seo.) 
Re/g I  • F ,  ku K^l • Fj^) W(1 - £ ) 
„ 0.3457 1.677 mm mm , (9.54) 115.7 
— 0.3457 3.20 mm mm •M. (11.89) 221.0 
— 0.3457 5.51 mm mm (14.61) 242.0 
0.3532 4.11 — — — (16.60) 286.0 
)00 0.3682 4.69 401 9.80 3.9S0 17.58 328 
100 0.4377 5«2d 426 20.25 4.370 19.73 390 
300 0.6094 6«59 476 11.00 5.240 24.06 644 
XM) 0.8099 7M 519 11.70 6,070 28.88 723 
X)0 1.132 9.77 590 12.8 7,550 34.1 1,044 
LOO 1.564 11.59 646 13.8 8,920 41.5 1,459 
100 2.112 13.58 711 14^7 10,450 49.0 2,027 
700 2.827 15.63 775 15.8 12,250 57.3 2,799 
BOO 3.762 17.65 841 16.9 14,210 66.2 3,850 
OOO 5.136 19*68 897 17.8 15,970 80.3 6,380 
200 7.267 21.69 952 18.6 17,710 101.1 8,770 
boo 10.16 23.70 1009 19.9 20,080 120.7 11,170 
«00 13.81 25.74 1080 20.7 22,360 140.6 15,830 
100 17.10 27.45 1146 21.8 24,980 150.6 20,890 
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Tabl* 24 
Data asd Caloulated Values for Fluidlsatioai of Grotmd 6 
W Moigbi i - e Ah Ku u Ro/j 
Bun # (om») (PolBOS) (om. HjgO) %• (om./soo.) 
130-«6 6 ,88 0.6888 0.009026 1.88 mm 0.4071 8.15 • 
lSO-26 6 ,88 0.6888 0.009042 2.24 mm 0.4071 8.98 mm 
180-24 6*85 0.6821 0.009106 8.87 mm 0.4108 5.29 mm. 
180-28 6*40 0.6280 0.009117 4.60 mm 0.4220 6.47 mm 
180-22 6*80 0.4969 0.009058 5*00 180,000 0.5094 7.64 845 
180-21 7«86 0.4697 0.009119 — 128,100 0.6360 8.82 905 
180-20 7.70 0.4388 0.009118 128,100 0.7176 9.98 984 
180-19 8.80 0.4071 0.009106 128,600 0.8684 11.20 1047 
180-18 9«00 0.8764 0.009096 129,000 1.089 12.42 1105 
180-lT 9.90 0.8418 0.009076 129,500 1.271 18.51 1140 
180-16 10.70 0.3168 0.009076 — 129,500 1.482 14.75 1200 
180-16 12.10 0.2798 0.009074 6*36 129,600 1.860 16.76 1215 
180-14 12.70 0.2661 0.009070 5*40 129,500 2.024 17.06 1293 
180-18 14.60 0.2814 0.009065 6*46 180,000 2.553 18,26 1324 
180-12 16.80 0.2189 0.009048 6.65 130,200 2.889 19*61 1387 
I8O7II 17.80 0.1968 0.009042 5.65 130,700 3.315 20.64 1426 
180-10 19.60 0.1724 0.009088 5*60 130,800 3.973 21.86 1477 
180- 9 22.10 0.1629 0.009018 5.65 181,000 4.698 28.28 155e 
180- 8 28.80 0.1420 0.009008 6.62 181,800 5,185 24*35 1587 
180- 7 26.80 0.1261 0.009000 5.72 181,800 6,066 25.76 1654 
180- 6 29.80 0.1134 0.008957 5*75 182,600 6.932 26*79 170S 
180- 6 82.80 0.1080 0.008940 5*76 133,500 7.812 27.54 178^ 
180' 4 87.80 0.0894 0*009888 5.90 121,900 9.276 28*65 1703 
ISO- 8 61.80 0.0662 0.009280 6.00 128,900 13.40 31*46 183< 
180- 2 68.80 0.0580 0*009288 6*00 126,100 16*92 82.89 190S 
180- 1 71.80 0.0471 0*009179 6*10 126,600 19*28 88.46 198i 
D - 0.6066 on. Conputod A h 5*12 om* BLO 
Do - 2.608 om. 
A • 6.88 oa.* 
W • 46.2682 sm. S • 2.6136 gai./oo. 
Lo • 8.379 om. 
e - 0.997 gn./oo. 

T«bl« 24 
I for Fluiditfttioa of (^ound 5 ora* (Aftss Spheres in Water 
4>» U 
(on./seo.) We 
i  • P ,  Kid • ?!,) Ee/(1 -
0.4071 3.15 mmm . (19.09) 880 
0.4071 8.98 — -- (24.57) 416 
0.4108 5.29 — (27,81) 551 
0.4220 6.47 — — (82.1 ) 679 
30 0.5094 7.64 845 16.9 14,280 84.9 855 
30 0.6S60 8.82 905 17.8 16,110 89 .8 1,064 
00 0.7176 9.98 984 19.1 18,790 89.9 1,258 
00 0.8684 11.20 1047 20.0 20,940 44.4 1,525 
00 1.059 12.42 1105 21.0 23,210 49.7 1,888 
00 1.271 18.51 1140 21.4 24,400 58.6 2,200 
00 1.482 14.75 1200 22.7 27,240 68,1 2,600 
00 1.660 15.76 1215 22.9 27,820 77.8 3,140 
00 2.024 17.05 1298 24.1 81,200 77.0 3,570 
00 2.558 18.26 1824 24.6 82,600 94.0 4,400 
00 2.889 19.51 1887 25.8 85,800 98.4 5,100 
'00 3.315 20.54 1428 26.2 87,400 108.8 5,880 
100 3.978 21.86 1477 27^ 40,000 122.2 7,090 
KX) 4.698 28.28 1586 28.0 48,000 184.5 8,510 
100 5,185 24.35 1587 28.9 45,900 140.5 9,590 
too 6«066 25.76 1654 80.0 49,600 150.5 11,460 
SOO 6.982 26.79 1702 50.8 52,400 168.2 18,810 
500 7.812 27.54 1787 81.2 54,200 178.5 15,180 
)00 9.276 28.65 1708 80.8 52,500 189.2 17,850 
)00 13.40 81.46 1886 88.0 60,600 281.2 26,820 
LOO 16.92 82.89 1902 34.1 64,900 268.2 84,000 
SOO 19.28 88.45 1982 84.5 66,700 298.8 89,100 
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Table 25 
lues for Flttidlcation and Sedimentation of Ground 16 Me^ fiariiun Glass Spheres in Ethylene Glyc 
Fluldisation 
u 
(om»/seo«} 
Re/g 1  • F a  Kg U • Re/(1 - g ; (em./seo.) 
R«/£ 
*2 0.1060 0,1577 1.025 0.1616 4.28 0.1356 
iO 0.1S20 0.1878 1.029 0.1927 4.17 0.1786 0.0938 0.1829 )8 0.1691 0.2280 1.035 0.2360 3.82 0.2878 0.1290 0.1746 
9 0,2142 0.2747 1.043 0.2865 3.66 0.318 0.184 0.1721 
0 0.2560 0.818 1.048 0.328 3.70 0.404 0.227 0.278 
5 0.309 0.362 1.055 0.382 3.57 0.513 0.281 0.329 
6 0.S66 0.412 1.062 0.438 3.47 0.637 0,329 0.372 
' 0.429 0.466 1.070 0.499 3.39 0.790 0.406 0.441 
0.504 0.529 1.079 o;57i 3.30 0.985 0.470 0.494 
0.589 0.597 1.088 0.660 3.20 1.217 0.538 0.547 
• 
0.772 0.737 -1.106 0.815 3.15 1.881 0.696 0.664 
; 0.944 0.858 1.122 0.963 3.16 2.584 0.939 0.864 
1.118 0.976 1.136 ~ 1.109 8.24 8.48 1.077 0.941 
1.286 1.085 1.150 1.248 8.36 4.51 1.294 1.090 
» 1.458 1.181 1.160 1.370 8«68 5.94 1.472 1.192 
) 1.657 1.278 1.172 1.498 8.81 7.86 1.668 1.801 
1.81S 1.378 1.183 1.630 4.19 10.51 1.842 1.398 
2.004 1.476 1.195 1.764 4.67 14.86 2.000 1.470 
2.180 1.557 1.208 1»878 5.48 20.41 2.262 1.616 
2.381 1.628 1.210 1.970 6.80 28.24 2.465 1.716 
2.892 1.689 1.212 1.986 7.15 83.69 2.671 1.764 
2.470 1.668 1.216 2.028 7.94 41.99 2.748 1.867 
2.491 1.648 1.214 2.001 8.69 48.30 2.804 1.867 
% Free Fall Velocity Variation from Conputed Value • «2.80 

ad 16 M«ah Bwrlum Ol&ss Spheres in Ethylene Glyool 
SedinnentatloB 
U • Fj.,) RVd - e) ^ ^ TTTI K;'(1 • R*/U - e) 
(oiB«/seo«) 
4,28 0.1366 
4.17 0.1786 0.0938 0.1329 1.021 0.1367 6.98 0.1267 
S.82 0.2373 0.1290 0.1746 1.027 0.1792 6.09 0.1816 
5.65 0.318 0.134 0.1721 1.027 0.1767 6.00 0.1990 
S«70 0.404 0.227 0.278 1.043 0.2900 4.22 0.359 
3.67 0.613 0.281 0.329 1.050 0.346 3.98 0.466 
3.47 0.637 0.329 0.372 1.056 0.393 3.90 0.576 
3.39 0.790 0.405 0.441 1.066 0.470 3.62 0.747 
3.30 0.986 0.470 0.494 1.073 0.630 3.69 0.919 
3,20 1.217 0.638 0.647 1.081 0.691 3.67 1.116 
3.16 1.831 0.696 0.664 1.093 0.726 3.61 1.660 
3.16 2.634 0.939 0.864 1.122 0.969 3.13 2.651 
3.24 3.43 1.077 0.941 1.131 1.064 3.42 3.31 
3.36 4.61 1.294 1.090 1.149 1.262 3.33 4.63 
3.68 6.94 1.472 1.192 1.161 1.384 3.61 6.00 
3.81 7.86 1.663 1.301 1.173 1.626 3.70 7.99 
4.19 10.61 1.842 1.398 1.184 1.666 4.06 10.66 
4,67 14.36 2.000 1.470 1.192 1.762 4.61 14.30 
6.43 20.41 2.262 1.616 1.210 1.964 4.86 21.16 
6.30 28.24 2.466 1.716 1.220 2.092 5.44 29.76 
7*16 33.69 2.671 1.764 1.226 2.163 5.60 36.3 
7.94 41.99 2.749 1.867 1.232 2.288 4.77 46.8 
8.69 48.30 2.804 1.867 1.234 2.304 6.68 54.7 
luted Value » •^•80 

110 
Data and Caloulated Values for Fluidlzation and S4 
Run ^ 
Bed Height 
(oa«) 1 - £ (Poises) 4,' u (om./seo.) R*/e 
182-21 4.96 0.6444 0.1683 2.418 0.8813 0.0765 0.1055 
182-20 6,07 0.6826 0.1688 2.418 0.4105 0.0861 0.1155 
182-19 5*20 0.6192 0.1683 2.418 0.4458 0.0989 0.1264 
182-18 6,87 0.6028 0.1633 2.418 0.4916 0.1180 0.1460 
182-17 5«68 0.4889 0.1628 2.440 0.6606 0.1860 0.1629 
182-16 6.77 0.4679 0.1583 2.418 0.6060 0.1597 0.1850 
182-16 6«oe 0.4486 0.1556 2.410 0.6785 0.1860 0.2066 
182-14 6.29 0.4298 0.1586 2.410 0.7687 0.2116 0.2277 
182-18 6,70 0.4080 0.1656 2.410 0.8844 0.2665 0.2748 
182-12 7.40 0.8649 0.1542 2.885 1.106 0.557 0.545 
182-11 8*26 0.3278 0.1640 2.898 1.883 0.469 0.428 
182-10 9*52 0.2886 0.1646 2.880 1.810 0.618 0.528 
182- 9 11.26 0.2400 0.1661 2.360 2.407 0.809 0.647 
182- 8 18.20 0.2046 0.1566 2.848 3.094 0.968 0.750 
182- 7 16.70 0.1720 0.1567 2.348 3.986 1.156 0.656 
182- 6 18.96 0.1426 0.1564 2.821 6.160 1.299 0.915 
182« 6 28.ao 0.1184 0.1570 2.804 6.982 1.488 1.011 
182- 4 81.80 0.0868 0.1678 2.286 9.673 1.668 1.088 
182- 8 86.00 0.0771 0.1684 2.262 11.06 1.727 1.117 
182« 2 48.00 0.0628 0.1599 2.222 18.99 1.823 1.158 
182- 1 66.80 0.0484 0.1618 2.176 18.71 1.982 1.190 
182-22 66.20 0.0414 0.1546 2.380 22.20 2.059 1*814 
182-28 77,70 0.0547 0.1693 2.238 26.86 2.067 1.272 
D - 0.08618 on. 
De - 2.477 QB. 
A • 4.821 oa.^ 
W » 84.1919 
£ m 2.629 8K«/eo. 
!•«- 2.698 en. 
P - laio gm;/oo; 
Free Fall Velocity Variation f'rom Computed Value • +2,12 

Table 26 
I for Fluidization and Sedimentation of Ground 20 Hesh Barium Olass Spheres in Ethylene Glyool 
Fluidiiatioa 3e( 
u 
(on*/seo«) 1 • F, Ked • Fjc.) Re/(l-€) (oa./8ee.) WE 1 • 
0.0786 O.IOSS 1.016 0.1050 4.28 0.0866 0.0444 0.0601 1.001 
0.0861 0.1155 1.017 0.1162 4.18 0.0996 0.0708 0.0984 l.Oli 
0.0989 0.1264 1.020 0.1289 4.01 0.1172 0.0813 0.1042 l.Oll 
0.1180 0.1460 1.025 0.1494 3.82 0.1444 0.0979 0.1214 1.01! 
0.1S60 0.1629' 1.026 0.1670 3,84 0.1740 0.1280 0.1474 1.02: 
0.1697 0.1850 1.029 0.1904 3.64 0.2102 0.188 0.1599 1.02i 
0.1850 0.2066 1.052 0.2152 3.60 0.2541 0.168 0.1818 1.02 
0.2115 0.2277 1.035 0.2557 3.62 0.505 0.196 0.2115 1.051 
0.2666 0.2745 1.045 0.2861 3.41 0.407 0.248 0.2656 1.03! 
0.357 0.345 1.053 0.361 3.26 0.597 0.324 0.518 1.04 
0.469 0.428 1.066 0.466 3.14 0.880 0.417 0.882 1.05 
0.618 0.528 1.079 0.570 3.10 1.553 0.572 0.488 1.0?; 
0.809 0,647 1.09^ 0.708 3.07 2.050 0.740 0.593 1.08 
0.968 0.730 laQB 0.807 3.27 2.840 0.943 0.772 i.ii; 
1.156 0.836 1.119 0.956 5.37 4.02 1.124 0.824 i.n 
1.299 Q.915 1.129 1.033 3.65 6.51 1.279 0.901 1.12 
1.488 i.oii 1.140 1.153 3.95 7.90 1.487 1.009 1.141 
1.66S 1.088 1.150 1.251 4.60 11.52 1.669 1.094 1.15i 
1.727 1.U7 1.152 1.287 4*83 13.37 1.716 1.109 1.151 
1.82S 1.155 1.167 1.334 6.39 17.21 1.911 1.206 1.16: 
1.9S2 i.l90 1.165 1.384 6.22 25.89 2.078 1.272 1.17: 
2.069 1«814 1.177 1.647 7.04 80.48 2.206 1.407 1.18 
2.067 1.272 1.171 1.490 7.90 86.89 2.804 1.416 1.181 

26 
of Ground 20 Mssh Bariuai Olass Spheres In Ethylene Glyool 
on Sedimentation 
ku Kgd * Fjc.) Re/(l-£) 
tt 
(oa./seo.) R*/E 1 • F, 'Si Ked • Re/(1- e 
•1050 4.28 0.0865 0.0444 0.0601 1*009 0.0606 7.46 0.0608 
.1162 4.18 0.0995 0.0708 0.0984 1.016 0.0948 6.09 0.0820 
•1289 4,01 0.1172 0.0818 0.1042 1*016 0.1069 6.14 J 0.0930 
•1494 8«82 0.1444 0^0979 0.1214 1*019 0.1287 6.57 0.1200 
•1670 8.84 0.1740 0.1280 0.1474 1^028 0.1508 4.26 0.1672 
•1904 8^64 0.2102 0.188 0.1699 1*025 0,1659 4.26 0.1818 
•2182 8,60 0.2641 0.168 0.1818 1*028 0*1869 4*18 0.2286 
•2867 8.62 0^808 0.196 0.2118 1*082 0*2181 3.92 0.2809 
•2861 8,41 0^407 0,248 0^2566 1*039 0*2656 3.54 0.879 
•861 3*26 0^597 0^324 0.818 1*048 0*828 8.68 0.644 
•466 8«14 0*880 0.417 0.882 1*068 0*404 3.60 0.784 
•670 8«10 1.888 0^572 0^488 1*078 0.524 8.48 1.238 
•708 8^07 2.050 0.740 0.593 1*087 0*645 8.47 1.878 
.807 8,27 2*840 0.943 0.772 1.112 0^858 2.970 8.00 
.986 8^87 4.02 1.124 0.824 1.118 0.921 8.48 8.97 
.033 8«68 6.61 1.279 0.901 1.127 1.015 3.72 5^42 
.158 8995 7.90 1.487 1.009 1.140 1^150 8.94 7.89 
.251 4.60 11^62 1^669 1.094 1.162 1^260 4.46 11.68 
•287 4«88 18^87 1^715 1.109 1.158 1.279 4.88 18.27 
•884 6.89 17.21 1^911 1.205 1.168 1.401 4.78 17.92 
•884 6^22 28^S9 2^078 1^272 1.172 1.491 4*96 26.01 
•547 7.04 80.48 2^206 1^407 1.187 1.670 6^66 82.6 
•490 7.90 86^89 2^804 1^416 1.189 1.684 6.21 89 i4 

Ill 
Ofttft and Calculated Valuas for Fluidisatlon and Sedii 
Bad Haighl; i 
Run# («*•) l-£ (Poisaa) 4^* u Ra/g 1 
(om./8ae.) 
1S8- 1 5*62 0.4786 0*1401 0.1188 0*6681 0.02765 0.01201 
188- 2 6*20 0*4889 0*1666 0.0924 0*7586 0*08269 0*01184 
188- 8 6.67 0*4088 0*1664 0.0926 0.8880 0.0410 0.01408 
lU- 4 7*82 0*8440 0*1646 0.0986 1.251 0.0593 0.01868 
188- 5 8*26 0.8267 0.1646 0.0986 1.596 0.0662 0.02027 
188- 6 8.76 0*8074 0*1646 0*0986 1*561 0*0726 0*02168 
188- 7 9*44 0*2860 0.1646 0*0986 1*794 0*0886 0*02413 
188- 8 10,42 0*2682 0*1646 0.0986 2*181 0.0977 0*02719 
188- 9 11*62 0*2886 0*1664 0*0926 2*616 0.1124 0*0501 
188-10 14*12 0*1906 0*1669 0.0920 8*440 0.1488 0*0565 
185-11 18*01 0*1494 0*1670 0.0907 4*848 0.1880 0.0457 
188-12 24*42 0*1102 0*1672 0.0904 7.184 0.2284 0*0521 
188-18 86*92 0*0749 0*1677 0.0899 ' 11*42 0*2798 0*0611 
188-14 62*42 0.0618 0*1689 0*0886 17*68 0*8862 0*0709 
D " 0*02872 oa. 
• 2 »47T on* 
A • 4*821 om.^ 
W • S4a6629 ga* 
* 2*6706 gDa^^o* 
L0 * 2*691 on* 
P "• 1*110 ^•/oe* 
Free Fall Yelooity Variation from Computad Value • ^*14 

Table 27 
Values for Fluidltation and Sedimentation of Qround 48 Ifesh Barium Olass Spheres in Ethylene G. 
Fluidisation 
> •  u 
(om./seoa) We 
1  f P ,  Ke'd • Fjj,) u (om./seo.) We 
;8i 0,02765 0.01201 1.002 0.01205 2.406 0.01308 0.02162 0.00945 
186 0.05269 0.01184 1.002 0.01186 2.515 0.01544 0.02857 0.01033 
ISO 0.0410 0.01408 1.002 0.01411 2.461 0.02003 0.0358 0.01230 
il 0.0593 0.01863 1.003 0.01869 2.520 0.0355 0.0633 0.01676 
16 0.0662 0.02027 1.003 0.02033 2.521 0.0420 0.0595 0.01814 
11 0.0726 0.02165 1.004 0.02172 2.598 0.0487 0.0659 0.01965 
14 0*0836 0.02415 1.004 0.02425 2.580 0.0605 0.0754 0.02176 
1 0.0977 0.02719 1.004 0.02750 2.600 0.0781 0.0898 0.02500 
.6 0.1124 0.0501 1.005 0.0505 2.610 0.0986 0.1047 0.02806 
kO 0.14S8 0.0565 1.006 0.0365 2.627 0.1545 0.1564 0.0345 
kS 0.1850 0.0437 1.007 0.0440 2.596 0.2487 0.1760 0.0420 
14 0.2284 0.0521 1.008 0.0525 2.608 0.421 0.2208 0.0505 
1 0.2798 0.0611 1.010 0.0617 2.656 0.755 0.2725 0.0596 
0.5552 0.0709 1.012 0.0718 2.085 1.511 0.515 0.0662 
« 

iround 48 2{eah Barium Glass Sphoros in Ethylono Glyool 
Sedimentation 
K s'U • Ffc.) u (om./seo.) We 
1 ^ KQ.(1 • Fj.®) R./(i - e) 
>S 2.406 0.01308 0.02162 0.00945 1.002 0.00947 3.16 0.01080 
16 2 .515 0.01644 0.02857 0.01033 1.002 0.01085 2.982 0.01852 
.1 2.461 0.02003 0.0358 0.01230 1.002 0.01282 2.878 0.01820 
19 2.520 0.0355 0.0533 0.01676 1.005 0.01681 2*864 0.0820 
13 2.521 0.0420 0.0693 0.01814 1.008 0.01819 2.900 0.0876 
2*598 0.0487 0.0659 0.01965 1.008 0.01971 2*980 0.0442 
IS 2 •580 0.0605 0.0754 0.02176 1.004 0.02185 2.961 0.0545 
K) 2*600 0.0781 0.0898 0.02500 1.004 0.02610 2.928 0.0718 
; 2.610 0.0986 0*1047 0.02806 1.005 0.02820 2.884 0.0922 
1 2.627 0.154S 0.1564 0.0345 1.006 0.0347 2.860 0.1465 
) 2*696 0.2487 0.1760 0.0420 1.007 0.0428 2*780 0.2897 
i 2*608 0.421 0.2208 0.0505 1.008 0.0507 2*825 0*405 
r 2*6S6 0.755 0.272S 0.0596 1*010 0.060e 2*854 0*787 
1 2*08S 1.911 0*813 0*0662 1*011 0*0669 2.871 1.228 
« 

NOTE TO USERS 
Oversize maps and charts are microfilmed in 
sections in the foiiowing manner: 
LEFT TO RIGHT, TOP TO BOTTOM, WITH 
SMALL OVERLAPS 
This reproduction is the best copy available. 
UMI* 
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Tabl* 28 
Data and Caloulatad 7alu«8 for Fluidisatlon of Ground 3 mm* Glass Sphere 
Run # 
Bad Hai^t 
(«•) 
1 - e  
(Poises) 
u 
(om./s«o.} 
Re/g 1 •F 
156- 2 88.8 0.628 0.1688 141.8 0.425 1.222 6.27 1.596 
1S6- 1 84*8 0.612 0.1661 189.4 0.466 1.211 5.97 1.670 
1S5- S 86.8 0.484 0.1616 146.1 0.560 1.514 7.25 1.66G 
IM- 1 5«86 0.471 0.1698 116.8 0.595 2.178 9.05 1.770 
1S6- 4 88.8 0.469 0.1602 148.6 0.659 1.844 8.46 1.755 
184- 2 6.8 0.488 0.1658 122.0 0.725 2.026 8.10 1.710 
185- 6 40.8 0.486 0.1489 151.2 0.750 2.199 9,77 1.810 
186- 6 42,5 0.418 0.1479 165,8 0.852 2.512 10.80 1.870 
186- 7 45*2 0.889 0.1472 154.8 0.961 2.981 12.55 1.960 
184- 8 7.8 0.878 0.1646 128.9 1.025 5.04 11.06 1.880 
186- 8 47.5 0.870 0.1468 166.7 1.075 5.52 15.45 1.990 
186- 9 50.S 0.849 0.1454 168.6 1.212 5.75 14.71 2.060 
184- 4 8.8 0.882 0.1628 127.8 1.542 5.89 18.88 1.990 
186-10 68,8 0.880 0.1448 169.9 1.565 4.15 15.87 2.12 
186-11 57.8 0.807 0.1441 161.6 1.568 4.64 17.52 2.19 
184- 6 9.8 0.2965 0.1698 188.6 1.669 4.65 15.41 2.09 
185-12 61.8 0.2866 0.1489 161.9 1.776 5.12 18.60 2.24 
186-18 66.8 0.2660 0.1487 162.4 2.058 6.61 19.82 2.29 
186-14 71.8 0.2464 0.1485 162.9 2.506 6.08 20.97 2.54 
184- 6 11.8 0.2440 0.1676 185.0 2.542 5.87 18.57 2.24 
186-16 76.1 0.2809 0.1481 165.7 2.562 6.47 21.92 2.38 
185-16 81.8 0.2161 0.1428 164.4 2.844 6.89 22.96 2.42 
184- 7 18,8 0.2078 0.1568 187.8 5.12 6.80 20.48 2.32 
186-17 88.1 0.1994 0.1426 164.9 5.22 7.50 25.86 2.46 
185-18 95.8 0.1854 0.1424 165.4 5.64 7.76 24.88 2.50 
184- 8 16,8 0.1691 0.1647 140.1 4.08 7.88 22.87 2.42 
184- 9 19.8 0.1428 0.1580 148.2 6.15 8.59 24.42 2.48 
184-10 22.8 0.1256 0.1617 145.7 6.21 9.25 25.89 2.54 
184-11 26.8 0.1090 0.1601 148.8 7.28 9.87 27.55 2.60 
184-12 29.8 0.0941 0.1492 150.7 8.72 10.81 28.45 2.68 
184-18 84«8 0.0804 0.1455 158.4 10.52 10.91 50.4 2.70 
184-14 89.8 0.0702 0.1480 155.1 12.55 11.20 50.4 2.70 
184-15 44.8 0.0622 0.1460 167.8 14.15 11.70 51.9 2.75 
184-16 66 .8 0.0499 0.1489 161.9 18.10 12.28 55.5 2.81 
184-17 62.8 0.0489 0.1408 169.2 20.82 12.73 55.5 2.87 
184-18 69.8 0.0898 0.1892 175.1 25.18 18.05 56.4 2.91 
184-19 78«S 0.0852 0.1862 185.4 26.44 15.27 38.0 2.96 
184-20 88.8 0.0881 0.1367 179.4 28.24 15.29 37.6 2.94 
For Runs 184t D • O98S6 on# For Runs 1851 W - 217.8437 
i>ii * 2«477 om* Lo *»• 17.67 
A - 4.821 om.^ Other Quantities Same as 
W 
S 
94.1906 
2 .572 
9 VRV 
©a. 
ga./co. 
Tabl«28 
uea for Fltddizatlon of Ground 3 mm. Glass Spheres in Ethylene Glyool 
u 
(om./8eo.) 
Re/g 1 Ky,! • »•/(! -
141.8 0.423 1.222 6.27 1.596 10.00 4.46 6.61 
139.4 0.466 1.211 5.97 1.670 9.37 6.06 6.69 
146.1 0.660 1.614 7.23 1.660 12.00 6.10 7.71 
116.3 0.593 2.178 9.05 1.770 16.01 3*29 10.16 
148.6 0.639 1.844 8.46 1.736 14.68 6*06 9.98 
122.0 0.723 2.026 8.10 1.710 13*86 4*82 10.42 
151.2 0.730 2.199 9,77 1.810 17.68 4*99 12*64 
166.3 0.832 2.612 10.80 1.870 20.20 6*21 16.32 
164.8 0.961 2.981 12.36 1.960 24*08 6*09 19.42 
123.9 1.026 3.04 11.06 1.880 20.79 4*78 18.22 
166.T 1.073 3.32 13.43 1.990 26*73 6*19 22.88 
168.6 1.212 3.73 14.71 2.060 30.30 6*28 27.40 
127.3 1.342 3.89 13.38 1.990 26.63 6*05 26.90 
169.9 1.363 4.13 16.87 2.12 33.6 6*11 32.3 
161.6 1.568 4.64 17.32 2.19 37.9 5*59 39.2 
133.6 1.669 4.63 16.41 2*09 32*2 5*49 36*6 
161.9 1.776 5.12 18.60 2.24 41.7 6*74 46.3 
162.4 2.038 6.61 19.82 2.29 45.4 6*01 66.0 
162.9 2.306 6.08 20.97 2.34 49.1 6.26 64.1 
136.0 2.342 5.87 18.37 2.24 41.1 5.98 56.9 
163.7 2.562 6.47 21.92 2.38 62.2 6.52 73.0 
164.4 2.844 6.89 22.96 2.42 55 ;6 6.74 83.3 
137.3 3.12 6.80 20.48 2.32 47.5 6.84 78.3 
164.9 3.22 7.30 23.86 2.46 58.7 7.16 96.8 
165.4 3.64 7.76 24.88 2.50 62.2 7.64 110.8 
140.1 4.08 7.88 22.87 2.42 66.3 7.68 112.4 
143.2 6.16 8.69 24*42 2.48 60*6 8.70 146*6 
146.7 6.21 9.23 25.89 2.64 66.8 9*60 183.6 
148.8 7.28 9.87 27.63 2.60 71.6 10.23 226.0 
160.7 8.72 10.31 28.46 2.63 74.8 11*64 273.9 
168.4 10.62 10.91 30.4 2,70 82.1 13.20 348 
155.1 12.33 11.20 30,4 2.70 82.1 14*43 4oe 
167.3 14.13 11.70 31.9 2«76 87.7 16*47 480 
161.9 18.10 12.28 33*6 2.81 94.1 18.28 638 
169.2 20.82 12.73 35.3 2.87 101.3 20.09 768 
173.1 23.18 13.06 36*4 2,91 106.9 21*33 879 
183.4 26.44 13.27 38.0 2.96 112.1 24.86 1040 
179.4 28.24 13.29 37.6 2.94 110.3 26.98 1096 
For Rune ISSii W • 217.8437 gn* 
JjQ '»• 17«57 on* 
Other Quauxbitl^s Same as For Runs 134 
Run # (««•) (Poises) -ti (om./seo.) -"vt - a 
136- 2 38«3 0.628 0.1638 141.8 0.423 1.222 6^27 1.696 
136- 1 84«8 0.612 0.1661 189.4 0.465 1.211 6*97 1.670 
136- 3 36.8 0,484 0.1616 146.1 0.660 1.614 7.28 1.660 
134- 1 6«e6 0.471 0.1698 116.8 0.698 2.178 9.06 1.770 
136- 4 38«3 0.469 0.160e 148.6 0.639 1.844 8.46 1.736 
134- 2 6«8 0.438 0.1668 122.0 0.728 2.026 8.10 1.710 
135- 6 40.8 0.436 0.1489 161.2 0.730 2.199 9,77 1.810 
135- 6 42.6 0.413 0.1479 166.3 0.832 2.612 10.80 1.870 
136- 7 46*2 0.389 0.1472 164.8 0.961 2.981 12.36 1.960 
134- 3 7.8 0.378 0.1646 123.9 1.026 8.04 11.06 1.880 
136- 8 47.6 0.370 0.1463 166.7 1.073 8.82 13.43 1.990 
135- 9 60.8 0.349 0.1464 168.6 1.212 3«73 14.71 2.060 
134- 4 8.3 0.382 0.1623 127.8 1.842 3.89 13.38 1.990 
136-10 68«3 0.380 0.1448 169.9 1.368 4.13 16.87 2.12 
136-11 67.8 0.807 0.1441 161.6 1.666 4.64 17.32 2.19 
134- 6 9.8 0.2966 0.1693 138.6 1.669 4.63 16.41 2«09 
136-12 61.8 0.2866 0.1489 161.9 1.776 6.12 18.60 2.24 
136-13 66.8 0.2660 0.1437 162.4 2.038 6.61 19.82 2.29 
136-14 71.3 0.2464 0.1436 162.9 2.306 6.08 20.97 2,84 
134- 6 ll.S 0.2440 0.1676 186.0 2.342 6.87 18.37 2.24 
186-16 76.1 0.2309 0.1481 163.7 2.562 6.47 21.92 2.88 
186-16 81.8 0.2161 0.1428 164.4 2.844 6.89 22.96 2.42 
184- 7 13.8 0.2073 0.1663 187.5 3.12 6.80 20.48 2.82 
186-17 88.1 0.1994 0.1426 164.9 3.22 7.30 28.86 2.46 
136-18 96.8 0.1884 0.1424 166.4 3.64 7.76 24.88 2.60 
134- 8 16«8 0.1691 0.1647 140.1 4.08 7.88 22.87 2.42 
134- 9 19.3 0.1428 0.1680 148.2 6.16 8.69 24*42 2.48 
134-10 22,3 0.1236 0.1617 146.7 6.21 9.23 26.89 2.64 
134-11 26«3 0.1090 0.1601 148.8 7.28 9.87 27.63 2.60 
134-12 29.3 0.0941 0.1492 160.7 8.72 10.31 28.46 2.63 
184-13 34«8 0.0804 0.1466 168.4 10.62 10.91 30.4 2,70 
134-14 39«S 0.0702 0.1480 168.1 12.38 11.20 30,4 2.70 
184-16 44.8 0.0622 0.1460 167.3 14.18 11.70 31.9 2,76 
184-16 66.3 0.0499 0.1489 161.9 18.10 12.28 83»6 2.81 
184-17 62.8 0.0489 0.1408 169.2 20.82 12.73 86.8 2.87 
184-18 69.3 0.0398 0.1392 173.1 28.18 18.06 36.4 2,91 
184-19 78.8 0.0362 0.1862 183.4 26.44 18.27 88.0 2.96 
184-20 83.8 0.0831 0.1867 179.4 28.24 13.29 37.6 2.94 
For Runs 1841 D - 0 .386 on. For Runs 1861 217.8437 go 
Do • 2 .477 om. •» 17.67 ot 
A - 4.821 om.^ OthMT Quantities Same as F< 
W « 34.1906 
S - 2 .672 gB./oo. 
K - 2 •767 on. p • 1 .110 fflB./oe. 
-la T (om./seo.) - 'C. O U cr IW - ' 
141.6 0.423 1.222 6.27 1.696 10.00 4*46 6.61 
189.4 0.466 1.211 6.97 1.670 9*37 6.06 6.69 
146.1 0.660 1.614 7.28 1*660 12.00 6.10 7.71 
116.8 0.698 2.178 9.06 1*770 16.01 3*29 10.16 
148.6 0.689 1.844 8.46 1*736 14*68 6*06 9*98 
122.0 0.728 2.026 8.10 1.710 13*86 4*82 10.42 
161.2 0.730 2.199 9,77 1.810 17.68 4*99 12*64 
168.3 0.832 2.612 10.80 1.870 20*20 6.21 16.32 
164.8 0.961 2.981 12.36 1.960 24*08 6.09 19*42 
123.9 1.026 3.04 11*06 1.880 20.79 4*78 18.22 
166.7 1.078 8.82 1S»43 1.990 26*73 6*19 22.88 
168.6 1.212 3.78 14.71 2*060 80*30 6*28 27.40 
127.3 1.342 8.89 18*88 1*990 26*63 6*06 26.90 
169.9 1.368 4.18 16*87 2*12 33*6 6*11 32*8 
161.6 1.668 4.64 17*32 2.19 37.9 6*69 89*2 
183.6 1.669 4.63 16*41 2*09 32*2 6*49 36*6 
161.9 1.776 6.12 18.60 2*24 41*7 6*74 46*8 
162.4 2.088 6.61 19*82 2*29 46*4 6*01 66*0 
162.9 2.806 6.08 20.97 2*84 49.1 6.26 64.1 
136.0 2.842 5.87 18.37 2.24 41.1 6.98 66.9 
163.7 2.562 6.47 21.92 2.38 62*2 6.62 73.0 
164.4 2.844 6.89 22.96 2.42 55 ;6 6.74 83.3 
137.8 8.12 6.80 20.48 2.32 47.5 6.84 78.8 
164.9 8.22 7.80 23.86 2.46 58.7 7.16 96.8 
166.4 8.64 7.76 24.88 2*60 62*2 7.64 110.8 
140.1 4.08 7.88 22.87 2*42 66*3 7*68 112.4 
148.2 6.16 8.69 24*42 2*48 60*6 8.70 146*6 
146.7 6.21 9.28 26.89 2*64 66.8 9*60 188.6 
148.8 7.28 9.87 27.63 2*60 71.6 10.23 226.0 
160.7 8.72 10.81 28*46 2*63 74.8 11*64 278.9 
168.4 10.62 10.91 80.4 2*70 82*1 18*20 848 
163.1 12.83 11.20 80*4 2*70 82.1 14.43 402 
167.8 14.18 11.70 81.9 2,76 87.7 16*47 480 
161.9 18.10 12.28 83*6 2*81 94.1 18.28 688 
169.2 20.82 12.73 86*3 2*87 101.3 20.09 768 
178.1 23.18 18.06 86*4 2*91 106.9 21*33 879 
188.4 26.44 13.27 88.0 2*96 112.1 24*86 1040 
179.4 28.24 13.29 37.6 2*94 110.3 26.98 1096 
For Runa lS5i W • 217.8437 
17«67 on* 
0th•r Quurbitlqs S«mo as For Rtms 134* 
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Table 29 
Data and Calculated Yaluei for Fluidlsation of Ground 6 • Glass Spheres 
"T" 
Hun# (•••) 1-6 (Poises) *u u (oa./see.) We 
186* 1 86.8 0.476 0.1617 476 0.678 2.812 19.84 
186* 2 87.8 0.480 0.1497 490 0.672 3.26 22.38 
186- 4 88.8 0.488 0.1468 619 0.744 3.61 24.64 
186- 8 89.8 0.427 0.1482 498 0.768 8.80 2602 
186- 6 48.8 0.886 0.1446 626 0.967 4.82 29.64 
187- 1 7.10 0.878 0.1869 886 1.064 5.83 34.9 
186- 6 47.6 0.888 0.1486 881 1.188 6.42 82.7 
186- 7 64.8 0.809 0.1428 689 1.648 6.61 87«6 
187- 2 9.10 0.2911 0.1864 890 1.726 7.80 46.8 
186- 8 62.1 0.2708 0.1424 540 1.970 7.87 42.6 
187- 8 11.1 0.2886 0.1362 600 2.430 9.40 61.2 
186- 9 72.8 0.2822 0.1486 681 2.689 9.08 46.2 
186-10 78«8 0.2144 0.1428 640 2.878 9.74 43.9 
187- 4 18.1 0.2022 0.1349 608 8.16 10.68 66.7 
186-11 68.8 0.2016 0.1417 646 8.16 10.28 61.0 
186-12 88.8 0.1986 0.1400 660 8.81 10.60 62.8 
186-18 90*8 0.1689 0.1896 662 3.87 10.90 63.8 
186-14 94.8 0.1771 0.1880 676 8.82 11.26 65.6 
187- 6 16.6 0.1696 0.1888 618 4.06 12.11 &1.2 
187- 6 19.1 0.1887 0.1882 616 6.86 13.42 65.6 
187- 7 22.6 0.1172 0.1826 624 6.66 14.27 68.4 
187- 6 29.1 0.0910 0.1820 629 9.08 16.39 72.0 
187- 9 41.6 0.0687 0.1820 629 18.76 16.88 76.7 
187-10 46.1 0.0676 0.1816 684 16.46 17.40 78.8 
187-11 61.1 0.0484 0.1818 686 21.09 18.26 81.6 
187-12 70.1 0.0878 0.1806 648 24.49 18.81 84.0 
For Rvna lS6t D 
"i 
0»6066 <nu 
2.477 
4.821 oa. 2 
W -
. 
Lo -
P • 
208.6 1^ . 
2.6188 
16.79 ou 
1.110 0a»/««. 
2 
2 
2 
2 
2 
2 
2 
2 
3 
8 
S« 
8 
8 
8 
8. 
S 
3. 
8 
3 
8 
4 
4-
4 
4 
For Runs 137t 
Other Quantiti 

Table 29 
ildiMitlon of Qround 6 on. Olase Spheres in Ethylene Glyool 
(p' u 
(oa./seo.) We 
1 Ke'U • Flo) R./(l -
0*678 2.812 19.84 2.29 46.4 6.27 21.88 
0,672 8.28 22.86 2.40 68.6 6*66 27.81 
0*744 8.61 24.64 2.48 60.9 6.94 82.2 
0.768 8.80 2602 2.61 68.1 6*66 88.7 
0.967 4.82 29.64 2*68 79.4 7.26 46.8 
1.064 6.88 84.9 2.86 99.6 7.34 68.6 
1.188 6.42 82*7 2.78 90.9 7.97 60.1 
1.648 6.61 87*6 2.96 110.9 8.77 84.0 
1.726 7.80 46*8 8.19 144.6 8.48 110*8 
1.970 7.87 42.6 8.10 181.8 9.49 114*6 
2.480 9.40 61.2 3.56 171.6 10.17 168*4 
2.689 9.08 46.2 8.22 148.8 10.60 162.8 
2.878 9.74 48.9 8.29 160.9 11.17 179.1 
8.16 10.68 66.7 8.49 194.4 11.66 219.8 
8.16 10.28 61.0 8.86 171.4 11*62 202*1 
8*81 10.60 62 *8 3.40 177.8 12.09 216*2 
8.67 10.90 68.8 3.46 185.6 12.48 285.6 
8.82 11.26 65.6 3.49 194.0 13.08 268.3 
4.06 12.11 &1.2 3.63 222 ;2 12.94 299.2' 
6.86 18.42 65.6 3.76 246.7 16.18 407 
6.66 14.27 68.4 3.88 262.0 17.60 616 
9.08 16.89 72.0 8.91 281.6 21.90 719 
18.76 16.88 76.7 4.08 809 28.60 1127 
16.46 17.40 78.8 4.09 822 80.6 1292 
21.09 18.26 81.6 4.16 888 88.6 1796 
24.49 18.81 84.0 4.20 868 42.4 2188 
For Runs lS7s W • 82«10 ga« 
ass ea./eo« Lo - 2*649 ea« 
n Otiier Quantities Staa9 as For Runs 186 
LIO gpc/oo. 

llij. 
Table 30 
Data and Caloulated Taluee for Fluldlcation of Ground 8 
Run # 
Bed Height 
(om.) 
1 - e  
(Poieee) 4>' 
u 
(oa./seo.) Vs 
188- 1 9.0 0.6110 0.00988 86,900 0.4679 6.28 386 
188- 2 10*0 0.4699 0.00936 87,000 0.6843 6.69 448 
188- 8 11.0 0.4181 0.00938 87,800 0.8099 7.96 491 
188- 4 12*0 0.8882 0.00981 87,400 0.9927 9.10 631 
188- 5 18*9 0.8286 0.00929 87,600 1.378 11.11 697 
188- 6 16*0 0.2874 0.00927 87,800 1.767 12.69 644 
188- 7 18.0 0.2666 0.00926 87,900 2.169 14.08 685 
188- 8 20*0 0.2299 0.00928 88,100 2.680 16.16 716 
188- 9 24.0 0.1916 0.00921 88,800 8.411 17.26 777 
188-10 28.0 0.1642 0.00918 38,600 4.266 18.61 818 
188-11 82.0 6.1437 0.00916 88,700 6.102 20.00 854 
188-12 86.0 0.1277 0.00914 38,800 6.968 21.14 888 
188-18 40.0 0.1149 0.00912 39,000 6.818 22.17 920 
188-14 50.0 0.0920 0.00909 89,300 8.962 24.08 976 
188-16 59.0 0.0779 0.00905 89,600 10.92 25.58 1026 
188-16 78.0 0.0680 0.00907 89,400 18.94 27,78 1098 
D - 0.886 oa. 
* 6*608 OHi« 
A •" 28c88 0B« 
W - 281.9818 ffu 
& m 2.672 gp«/oo« 
Ii^  • 4#6d9 ofli# 
p • 0*997 ^•/oo» 

Table 30 
i08 for Fluidization of Gro\md 8 am. Glass Spheres in lifater 
J  ^ TTyi 5;; R«/U-e) 
5,900 0.4679 6.28 586 9.6 5660 20^19 568 
7,000 0.6545 6,69 448 10,4 4610 25 a9 620 
7,800 0,8099 7.96 491 11.2 6600 26Ji4 685 
7,400 0,9927 9.10 651 11.8 6270 29.09 785 
7,600 1,875 11.11 697 12.8 7640 54.6 1220 
7,800 1,767 12,69 644 15,7 8820 59.8 1697 
7,900 2,169 14,08 686 14.5 9800 44*6 1996 
8,100 2,680 16.16 716 14.8 10,680 49.7 2596 
8,500 5,411 17,26 777 16.8 12,280 67.2 5278 
8,600 4,266 18,61 815 16.5 15,260 66«2 4158 
8,700 6.102 20.00 864 17.1 14,600 72.0 6089 
8,800 6,968 21,14 888 17.6 16,650 77,8 6070 
9,000 6,818 22,17 920 18.0 16,660 85.2 7087 
9,500 8,962 24,05 976 18.9 18,450 96.9 9620 
9,600 10.92 26,55 1026 19.8 20,300 102.7 12150 
9,400 15,94 27.75 1095 20.9 22,840 106.5 16260 
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Tabic 31 
Data and Caloulated Values for FluidiMtlon of Ground 6 mm« Olas 
Run # 
Bad 1 - e" 
(oa*) (Poises) *« 
<!>• a 
(om./seo.) »•/£ 
—r 
189- 1 12.0 0.4715 0.009040 106.5 0.6924 7.99 845 1 
199- 2 14.0 0.4041 0.009014 181.1 0.8787 10.54 989 1 
189- S 16,0 0.8586 0.008010 181.2 1.182 12.97 1123 2 
189- 4 18.0 0.8148 0.009010 181.2 1.540 14.90 1198 2 
189- 6 20.0 0.2829 0.009010 181.2 1.818 16.41 1280 2 
189- 6 28.0 0.2460 0.009010 131.2 2.810 18.42 1567 2 
189- 7 26.0 0.2176 0.009010 181.2 2.886 19.92 1407 2 
189- 8 80.0 0.1886 0.009010 181.2 3.491 22.08 1523 2 
189- 9 S4«8 0.1650 0.009010 181.2 4.226 23.73 1590 2 
189-10 88.8 0.1458 0.009014 181.1 5.006 25.02 1638 2 
189-11 64,0 0.1048 0.009825 122.6 7»646 28.52 1722 % 
189-12 70.0 0.0808 0.009298 128.3 10.46 81.5 1857 n 
189-18 84,4 0.0670 0.009266 124.0 12.98 88.6 1952 % % 
D • 0.5066 oa. 
Do • 6,508 
A « 2S«88 ea.' 
W • 388.949 
im 2.6186 9a./oo. 
Lo - 5.668 «a. 
P - 0.997 gBI«/00» 

T*bl« 31 
Viftluss for FltildiMtlon of C^ound 5 mm* Glass Sphwrss in WatMr 
' u [ ^ TTT^ ^ H»/(l - 6) 
(o»./s«o.) 
.06 .6 
sia 
.Sl«2 
.31.2 
.SI .2 
LS1«2 
LS1.2 
151,2 
L81,2 
LSia 
122.5 
L28,S 
L24.0 
0.6924 
0.878T 
1.182 
1.640 
1.818 
2.310 
2,886 
3.491 
4.226 
6.006 
7.646 
10.46 
12.98 
7.99 
10.64 
12.97 
14.90 
16.41 
18.42 
19.92 
22.08 
23.73 
26.02 
28.62 
31.6 
33.6 
846 
989 
1123 
1198 
1280 
1367 
1407 
1623 
1690 
1638 
1722 
1867 
1962 
17.0 
19.2 
21.3 
22.7 
24.0 
25.3 
26.0 
28.0 
29.0 
29.6 
31.3 
33.6 
36.0 
14370 
18990 
23920 
27190 
30700 
34600 
36600 
42600 
46100 
48600 
63900 
62200 
68300 
32.3 
49.8 
66.4 
66.8 
71.4 
81.7 
97.1 
101.6 
113.0 
126.1 
162.2 
171.9 
186.0 
947 
1469 
2063^  
2662 
3260 
4190 
I 
6120 
6660 
8060 
9600 
14710 
21120 
27170 
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TaUe 32i 
Oftta and Caloulated Values for Fluldizatioa of Lead Shot li 
Run# 
H
 1 on
 
(Pbiaes) 
u 
(om./seo.) HVS 
] 
140- 1 12.08 0.4969 0.1546 585 0.5094 5,79 23.52 
140- 2  18.08 0.4589 0.1508 615 0.6380 8.94 54.6 
140- 8 14.08 0.4265 0.1476 659 0.7721 9.11 34.0 
140- 4 16.08 0.5754 0.1465 649 1.052 11.98 41.0 
140- 5 18.08 0.5520 0.1452 660 1.544 18.17 42.9 
140- 6 21.68 0.2768 0.1454 659 1.890 17.92 55.8 
140- 7 24.68 0.2482 0.1456 657 2.555 20.66 59.2 
140- 8 26*08 0.2500 0.1454 659 2.578 21.68 61.1 
140- 9 28.48 0.2107 0.1455 658 2.957 28.25 65.9 
140-U 50.78 0.1960 0.1452 660 S.528 24.56 66.4 
140^10 55.08 0.1711 0.1454 659 4.016 26.55 69*6 
140-12 59.08 0.1656 0.1452 660 4.664 28.68 75.6 
D  •  0.2846 oat. 
-
2.477 o». 
A • 4.821 em.® 
W » 821.09 
6  •  11.10 0B./oe. 
Lo - 6.00 OB. 
P "  1.110 gSkm/OOt 

Table Z2i 
«d Values for Fluidisation of Lead Shot in Ethylene Glyool 
Z ^ TTT;; E; KlTrT^ r^'R57rr=^  
(omt/seo*) 
18 0.6094 5.79 23.52 2.46 57.6 5.69 28.81 
.8 0.6380 8.94 84.6 2.85 98^6 4.74 40.8 
i9 0.7721 9.11 34.0 2.88 96.2 6.17 46.7 
W 1.052 11.98 41.0 8.07 126.9 6.70 68.9 
to 1.844 18.17 42,9 8,12 185.8 8.26 86.8 
19 1.890 17.92 68.8 8.46 186.6 8.81 140.6 
\7 2.866 20.66 69.2 8,69 212.6 8.88 184.8 
>9 2.678 21.68 61.1 8.64 222.4 9.22 204.6 
2,967 28.26 68.9 8«72 287.7 9.71 289.6 
iO 8«S2S 24.66 66.4 8.79 261.7 8.67 278.9 
$9 4.016 26.66 69«6 8.87 269.4 11.24 887 
iO 4,664 28.68 78.6 8.98 292.9 11.66 406 

TabU S8 
Data and Caleulated Values for Fluldliatlen of Ground 8 na. and 6 Glass Spb 
Run# 
Bad Height 
<«••) 
1 - e  
(Poises) *« 
u 
(oB./aee.) 
H Ve  1 • 
141- 1 9.80 0.4946 0.1688 126.0 0.6164 1.464 6.60 1*6] 
141- 2 11*10 0.4144 0.1649 128.8 0.8276 2.876 11.10 1.8f 
141- S 18«10 0.8611 0.1641 124.6 1.199 8.99 18.97 2.0] 
141- 4 16.60 0.2968 0.1624 127.2 1.666 4.94 16.14 2*1^ 
141- B 17.70 0.2699 0.1611 129.2 2.107 6.92: 18.62 2.2> 
141- 6 20.10 0.2289 0.1604 180.4 2.698 6.80 20.60 2.81 
141- 7 24.90 0.1847 0.1684 188.6 8.699 8.01 28.18 2.4< 
D • 0.886 001. W - 281.82 L • 4.600 om. 
» 5*608 «•< - 2.672 9i./eo« o 
A • 28.82 4Aki P I
 
.
 
o
 
0a./eo« 
142- 1 10.96 0.6170 0.1661 897 0.4607 2.846 16*42 2*1 
142-22 12.70 0.4466 0.1661 897 0.6890 8.68 22*46 2*4 
142- 8 14.26 0.8976 0.1669 898 0.9140 6.01 28.20 2*6 
142- 4 16.66 0.8400 0.1681 4U 1.280 6.20 82*8 2*7 
142- 6 19.70 0.2876 0.1621 417 1.767 8.02 89.0 8*C 
142- 6 26.60 0.2220 0.1607 426 2.722 10.40 46«7 8*2 
142- 7 80.60 0.1667 0.1698 480 8.662 11.88 61*2 8*: 
D • 0.6066 Lo • 6.666 ea. 
W - 888.9816 
0^.. 
A end p  are the same as for Runs 141 
- 2.6186 

Tabl* 88 
Itildilation of Ground 8 im» and 6 Glass Spheres in Ethylene (Qyeol 
«« u 
(m./seo.) 
RV£ 1 • Kg kn leU • w u -
125.0 0.5164 1.464 6.60 1.616 10.66 4.47 6.74 
128.8 0,8276 2.876 11.10 1.882 20.89 8.82 16.70 
124.6 1.199 8.99 18.97 2,08 28»86 4*18 26.82 
127.2 1.666 4.94 16.14 2*14 84*6 4.78 88.2 
129.2 2.107 6.92 18.62 2.24 41.6 4*99 62.8 
180.4 2.698 6.80 20.60 2.88 47.8 6.24 69.1 
188.6 8.699 8.01 28.18 2.44 66.4 6.01 102.1 
• 1> * 4*600 cm* 
,/oe« ® 
•/•o# 
S97 0.4607 2.846 16.42 2.14 86a 4.98 16.82 
897 0.6890 8.68 22.46 2.40 68.9 6.26 27.98 
898 0.9140 6.01 28.20 2.62 78.9 6.26 42.8 
411 1.280 6.20 82.8 2.77 89.6 6.86 62.7 
417 1.767 8.02 89.0 8.00 117.0 6.80 96.7 
426 2.722 10.40 46.7 8.22 160.4 8.00 168.9 
480 8.662 11.88 61.2 8.86 172.0 8.98 224.4 
,656 sau 
jud p are the sue as for Runs ItiL 
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Table M 
Data and Calculated Value* for Fluidization of Qround 20 
Bed Mei^  ^ r=T 
eh Barium Gl( 
Run # (OKa ) (Poieee) ct>' 
U 
(om^ /ses*) 
14f- 1 5.85 0.4598 0.1569 2.902 0.6946 
14»- S 7.00 0.8849 0.1469 2.648 0.9864 
14S- S 8.00 0.9969 0.1410 2.850 1.310 
14»- 4 9.10 0.2956 0.1494 2.756 1.679 
148- 6 10.15 0.2650 0.1499 2.797 2.098 
149- 6 11.95 0.2251 0.1497 2.745 2.668 
149- 7 19.95 0.1928 0.1490 2.771 9,380 
149- 8 16.00 0.1681 0.1422 2.802 4.117 
14»* 9 18.90 0.1429 0.1419 2.898 5.169 
149-10 89.00 0.1170 0.1407 2.865 6.664 
148-11 t8.80 0.0951 0.1996 2.908 8.610 
148-12 99.00 0.0689 0.1982 2.967 12.68 
149-19 59410 0.0507 0.1958 9.078 17.78 
149-14 57.60 0.0467 0.1996 9.175 19.46 
149-15 84.40 0.0919 0.1906 9.922 29.98 
D • 0.08519 om. 
l>a • 6.508 
A m 29.89 em.* 
W m 168.5994 
P 
2.690 
1*110 sa*/ee« 
0.2211 
0,S79 
0.514 
0.868 
0.791 
1.006 
1.178 
1.8S9 
1.619 
1.704 
1.867 
2.116 
2.S35 
2.996 
2.618 
0.2464 
0.S98 
0.619 
0.625 
0.707 
0.854 
0.962 
1.069 
1^ 86 
1.295 
1.397 
1.56S 
1.710 
1.778 
1.966 
Free Fall Velooity Variation fron Computed Value •. 42.12 

Table 34 
' Fluldixation of Oround 20 wiA Burium Crlass Spheres in Sbhylene Glyeol 
« 
(om./seo.) We 
1 • F 
• 
k 
u 
K,(X • Fj,} E«/C1 - I 
2,302 0,6346 0.2211 0,2464 1,038 0.2558 2*686 0.2896 
2 •648 0.9864 0,379 0,398 1,060 0*422 2,769 0*638 
2*860 1,310 0,614 0,619 1,077 0*659 2,891 1*024 
2 .Tee 1,679 0,668 0,626 1,091 0*682 2*787 1*490 
2,78T 2,038 .0,791 0,707 i,ioe 0*779 2,822 1.961 
2,746 2,668 1,006 0,664 1,122 0*968 2«791 2*940 
2,771 3,380 1.176 0,962 1*135 1*092 2*949 4*03 
2,802 4,117 1,339 1*069 1*147 1,226 3*03 5*29 
2,888 6,169 1,619 1*186 1*160 1*376 3*19 7.14 
2,863 6,664 1.704 1,295 1.173 1^519 . S*46 9,77 
2.908 8.610 1.867 1,397 1*186 1*667 3*86 13,29 
2,967 12.68 2,116 1,663 1*202 1*867 4*46 20,99 
3,073 17,78 2,333 1,710 1*220 2*086 6*13 32,0 
3,176 19,46 2,396 1,778 1*227 2*182 6*44 36,3 
3,322 29,38 2,618 1,966 1*244 2*433 6*67 69,4 
puted Value • 42*12 
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Tftbl* S5 
Dftta and Caloulatad Values for Fluiditation of Grouxid 16 Mesh Bariitm Glass 
Sua # 
M Bs'igHi 
(«*•) 1-6 ^ . (Poises) 4>' 
u 
(om./seo. ) Ve 
144*1 2.82 0.8291 0.1678 8.60 1.368 0.801 0.820 
144* li 4.00 0.2S21 0.1668 8.68 2.641 1.26 1.16 
144- 8 5.10 0.1820 0.1616 8.80 8.676 1.67 1.87 
144- 4 eao 0.1622 0.1490 8.98 4.728 1.82 1.66 
144- 6 6«96 0.1688 0.1466 4.08 6.618 1.94 1.66 
144- 6 7.86 0.1182 0.1440 4.20 6.679 2.08 1*76 
144- 7 9.00 0.1051 0.1466 4.24 7.8ae 2.21 1.86 
144- 8 10,46 0.0888 0.1898 4.48 9.660 2.88 2*01 
144- 9 12.26 0.0768 0.1886 4.64 11.27 2.60 2«12 
144-10 14.80 0.0627 0.1869 4«66 14.01 2.64 2*28 
D • C>«f»789 oa. 
: A 0®. 
A ''•1' »•« ea." 
w- 6«i»76 FFI* 
P-' £•666 ga./oo. 
*•0 • • • 0.928 oa. 
P - 1.110 gp./oe. 

Tftbl* S6 
I for Fluidiiatlon of Ground 16 M«8h Barium Glass Spheres in Ethylene Glycol 
u 
(OBA/seO*) Ve 
1 I.U • R»AI - 6) 
S.60 1.366 0.801 0.620 1.12 0;918 2*16 1*67 
S«68 2*641 1.26 1.16 1*16 i;s5 2*55 8*84 
S.80 8*676 1*67 1*87 1*18 1*62 2*98 6*16 
S.98 4*728 1*62 1*56 1*20 1*87 8*12 8.76 
4.06 6*618 
« 
1*94 1*66 1.22 2*08 8*44 10*7 
4.20 6*679 2*06 1«76 1*28 2*16 8*62 18*2 
4.24 7*8oe 2*21 1*66 1*24 2*81 4*06 16*2 
4.46 9*850 2*86 2«01 1*26 2*61 4*58 20*6 
4.54 11*27 2*80 2*12 1*26 2*67 4*95 28*8 
4*66 14*01 2*64 2«28 1*27 2*88 5*74 88*8 

